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ABSTRACT 
The effect of post harvest coating of oranges (Citrus sinensis) 
and grapefruit (£, paradisi) with Pro-long at different concentrations 
was investigated under three different storage conditions: cold 
ambient, tropical ambient and cold store conditions. There was a 
definite advantage in storing fruits at low temperature using Pro-long 
in terms of shelf-life extension and reducing weight loss. Thiabenda-
zole was found to be effective in controlling citrus decay during 
storage when used at concentration of 1000 ppm. 
The major pert of this investigation concentrated on the 
production of pectic enzyme produced by the citrus fungi, Penicillium 
digitatum, f. italicum and Alternaria citri. ln~ studies of 
pectic enzyme production in infected orange tissue showed that only 
polygalacturonase (PG) was detectable, High PG activity was associated 
with f. italicum infected tissue whilst low activity was recovered 
from f. digitetum end~. citri infected tissues. 
The production, of pectic enzymes in vitro was investigated 
using different methods of incubation on, media containing different 
carbon sources such as sodium· polypectete end pectin, In shake 
culture, pectic enzymes were found to be produced earlier than in 
batch culture. Both pectic enzymes (polygalacturonases and trans-
eliminases) were produced by the three citrus fungi in culture. Pectic 
enzyme production by f. djgitatum end f. italicum was found to be 
inhibited by catebolite repression by glucose end gelacturonic acid. 
The PG of~. citri was affected to a lesser extent. 
The response of orange fruits to fungal attack by£. digitatum 
and f. italjcum was determined by accumulation of total phenols and 
was found to be higher in lesions than in healthy peel. 
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1 • INTRODUCTION 
Citrus fruits which belong to the family Rutaceae, are grown 
in all regions of the world where the climate is not severe during 
winter and suitable soil conditions exist. Sweet oranges (Citrus 
sinensis) are considered the most important in the world production 
of citrus fruits followed by grapefruit (£. paradisi). 
Different storage techniques have been used for extendin·g the 
shelf-life of citrus fruits. The most convenient technique is 
waxing which extends the shelf-life of citrus fruits and prevents 
weight loss. A new revolutionary technique using a semi-permeable 
membrane material known as "Pro-long" has proved effective in 
extending the shelf-life of tropical and sub-tropical fruits includ-
ing limes (£. aurantifolia). 
During storage and transport, citrus fruits are subject to 
fungal attack which causesmajor diseases in citrus after harvest. 
Citrus diseases caused by fungi such as Penicillium spp. can be 
initiated in citrus fruits by mechanical damage during handling and 
storage and can cause a major problem in the early stages of storage 
at low temperatures, whereas Alternari8 citri causes stem-end rot in 
prolonged storage. Soft·rot and firm rot are the main symptoms in 
citrus fruits subject to fungal attack. Citrus fungi produce pectic 
enzymes during pathogenesis able to break down the pectin content of 
the peel of citrus fruits and yield galecturonic acid. The accumula-
tion of abnormal compounds such as phenolics occurs in higher plants 
as a response to the pathogen's attack. 
The work in this report was carried out to establish the effect 
of Pro-long in.extending the shelf-life of oranges and grapefruit, 
to investigate the production of cell wall degrading enzymes, and to 
investigate the response of orange fruits to fungal attack. 
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2. LITERATURE SURVEY 
2.1 Citrus fruits and their chemical composition 
Citrus fruits are considered to be non-climacteric and have a ~ 
relatively long post-harvest shelf-life. Their physiological activity 
as determined by respiration rate is very low and depends on the 
storage temperature (Schiffmann-Nadel, 1977). Citrus fruits origin-
ated from three distinct areas in the southern and eastern regions 
of Asia, China and Cochin China and the Malayan Archipelago. The 
high acceptability of citrus fruit is due to their high level of 
vitamin C and natural distinctive flavour (Ting and Attaway, 1971). 
The sweet orange (f. sinensisl is the major fruit of commercial 
importance in world trade and includes'different varieties such as 
Valencia, Pineapple, Shamouti and Washington Navel which ·are grown 
in various parts of the world. The grapefruit (f. paradisi) takes 
eecond place in world production and includessuch varieties as Marsh 
seedless (which is considered the most popular), Duncan, and Thompson 
(Ting and Attaway, 1971). 
2.1 .1 Ascorbic acid and other organic acids 
Ascorbic acid (vitamin C) is probably the most important 
contribution of citrus fruits to human nutrition (Nagy ~ £!., 1977). 
Many factors influence ascorbic acid content of citrus fruits such 
as variety, climate, position on the tree, maturation, size and root 
stock (Nagy, 1980). A gradual decrease in ascorbic acid content has 
been observed in grapefruit, tangerines, and Valencia oranges 
throughout the maturation period (Kefford, 1959). 
The ascorbic acid content of oranges and grapefruit has been 
reported to decrease during storage at higher temperatures (Pantastico, 
1975) and a decrease in ascorbic acid content has been observed during 
the storage of Egyptian oranges (El-Zorkani, 1968). However the 
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level of ascorbic acid in Shamouti and Valencia oranges has been found 
to remain more or less the same, around 42 mg/100 ml juice, during 
storage (Schiffmann-Nadel, 1977). The ascorbic acid content of the 
juice of different varieties of citrus fruits is given in Table 1. 
Organic acids are considered important constituents of the 
soluble solids of citrus juices and they play an important role in 
the growth, production and marketing of citrus fruits (Nagy ~~., 
1977). It has been reported that citric acid is considered the 
predominant acid in citrus fruits such as orange and grapefruit, 
accompanied by malic and some minor acids (Kefford, 1959). The 
level of organic acids in oranges and grapefruits are given in Table 
2. 
El-Zorkani (1968) observed a decrease in total acids during the 
storage of different orange varieties grown in Egypt and loss of 
acidity in grapefruit during storage has been reported by Nagy ltt al., 
(1977). Total acids in Shamouti oranges decreased during storage 
from 1.12 at harvesting time to 0.95 mg/100 ml of juice at storage 
temperatures between 1-10°C and to D.B mg/100 ml juice at 12-17°C, 
over 12 weeks of storage (Schiffmann-Nadel, 1977). 
2.1.2 Sugars 
The soluble solids of citrus juices include reducing and non-
reducing sugars and McCready ~ al. (1950) have claimed that sucrose, 
glucose and fructose were the only sugars present in orange, grape-
fruit and lemon juices. The reducing, non-reducing and total sugars 
of grapefruit and oranges are given in· Table 3. 
El-Zorkani (1968) observed an increase in the sugar content of 
different orange varieties stored at 5°C and 17°C for up to sixty 
days although it has been reported that storage has no effect on 
the total soluble solids of oranges (Schiffmann-Nadel, 1977). 
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Table 1. The ascorbic acid content of the juice of different 
varieties of citrus fruits 
fruit 
Valencia orange 
California lemon 
Navel orange 
Tangerine 
Grapefruit 
Source: Ranganna JU. al. (1963). 
Ascorbic acid content of juice 
(mg/100 ml) 
43.5 
44.0 
59.3 
30.0 
40.0 
Table 2. Com;~n:!a;:at igns !gLJOO ml! of o.:g51ni~ ~:~~:id~ in orange and g~;agef~:uit juice 
Date of Method of 
Locality Variety harvest Citric Malic Succinic Malonic analysis* 
California Washington 
Navel oranges Jan. 1966 0.72 0.12 0.06 0.04 c 
California Valencia oranges July 1944 1 .ss 0.1S c 
California Valencia oranges July 1966 0.61 0.16 0.13 trace GLC 
California Valencia oranges July 1969 0.26 0.06 0.16 0.04 GLC 
Florida Valencia _oranges May 1966 0.27 0.2S 0.26 none GLC 
Texas Valencia oranges April 1969 0.36 0.26 1.27 none GLC 
"' 
Israel Shamouti oranges 0.68-2.37 o.07S-0.182 E 
California Marsh grapefruit July 1968 0.89 0.23 0.24 none GLC 
Florida Marsh grapefruit Jan. 1968 0.64 0.10 0.14 none GLC 
Florida Ma:rsh grapefruit Jan. 1969 0.62 0.04 O.S3 none GLC 
* Method of analysis: C u chemical;. GLC • gas liquid chromatography; E = enzymic methods. 
Source: Nagy .!l.i .21• (1977). 
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Table 3. Approximate sugar percentage content of grapefruit and 
orange juices 
Variety 
Grapefruit 
Dun can 
Marsh 
Orange 
Valencia 
Washington 
Navel 
Lox:ality 
Florida 
Florida 
Florida 
California 
Source: Nagy li.!!l• ( 1977). 
Reducing 
sugars 
3.0-5.1 
2.3-4.8 
3.2-5.0 
4.3-5.8 
Non-reducing 
sugars 
2.4-4.0 
2.6-3.1 
2.3-5.2 
Total 
sugars 
5.8-8.3 
5.1-7.8 
5.4-10.3 
?.3-10.5 
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2.1. 3 Pectic sybstances 
Pectic substances in citrus fruits have been reviewed by 
Gaddum (1934) and more recently by Nagy ~A!·• (1977). 
Pectic substances are reported to be deposited in the cell 
wall and middle lamella of plants and play an important biological 
function in the plant by acting as a natural cementing material. 
These substances are present mainly in the peel and the pulp of 
citrus fruits. Pectic substances consist primarily of linear 
polymeric chains of D-galacturonic acid either not esterified 
(pectic acid) or esterified to different degrees with methanol 
(pectinic acid and pectin). 
Two processes appear to take place during fruit ripening: 
depolymerization or shortening of chain length, or removal of 
methoxyl groups from the polymer (Pantastico, 1975). Changes in 
pectic substances during the maturation of citrus fruits may be 
enzymatic or chemical. Complete breakdown of the colloidal pectic 
substances resultSin galacturonic acid. Pectinesterase activity is >( 
of importance because it is distributed through all citrus fruits. 
This enzyme is the only native pectic enzyme of importance, poly-
galacturonase has not been detected (Nagy ~Al·• 1977). 
2.1 .4 Phenolic compounds 
Phenolic compounds in citrus fruits include flavonoids and 
coumarins. The flavonoids present in citrus fruit comprise flavanones 
(including 3-hydroxyflavones or flavanonolsl, flavones (including 
3-hydroxyflavones or flavonolsl and anthocyanins. The flavanones are 
the most common flavonoids in most citrus species. Coumarin deriva-
tives have been reported to be present in lemon, lime and bergamot 
oils ( Kefford, 1959; Nagy ll al., 1977 l. 
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2.1 .5 Other components 
Lipide, essential oils and protein are also present in small 
quantities in citrus fruits. In addition to ascorbic acid (vitamin 
C), vitamins such as thiamin, riboflavin, niacin, folacin, and 
vitamin A are present in small quantities. The mineral nutrients 
in citrus fruits include potassium, which is considered the most 
abundant mineral of citrus fruits. Other minerals present in citrus 
fruits include iron, magnesium, phosphorus,., calcium and zinc 
(Ranganna.fi.!!l·• 1983). 
2.2 Storage techniques used for citrus fruits 
2.2.1 Controlled atmosphere storage 
Controlled atmosphere (CA) storage 
are 
provides the basic means 
increased and oxygen (02 ) whereby carbon dioxide levels (C02 ) 
decreased. It has been reported to retard the fruit respiratory 
activity so retarding ripening, and may also delay softening and 
other break-down processes (Pantastico, 1975). 
This technique is commercially used for extending the shelf-
life of fruits such as pears and apples, but the response of citrus 
fruits to CA storage is less marked. Valencia oranges held in 15% 
02 in combination with O% co2 at 1°C for 12 weeks and 1 week in air 
had a higher flavour rating than similar fruita held in other atmos-
pheres or in air. In most instances, the flavour rating was reduced 
when C02 concentration was increased. CA storage is not recommended 
for Florida citrus fruits (Seberry and Hall, 1970). 
2. 2 • .:Z. · Cold store!, 
Refrigeration is one of the common techniques used for extending 
the shelf-life of many fruits and vegetables. The proper use of 
this technique maintains the appearance and flavour of fruits and 
vegetables, as well as lowering the respiration rate, which slows 
- 9 -
down the ripening process resulting in en extension of shelf-life. 
The choice of temperature in citrus fruit storage must take 
into.account the prevention of decay, which often occurs at higher 
temperature, and the incidence of physiological disorders at low 
temperatures. Weight loss varies directly with the temperature and 
inversely with the relative humidity. The recommended temperatures, 
relative humidity and length of storage for Florida citrus fruits 
are shown in Table 4 (Chace et Ai•o 1969). 
Waxing 
The waxing process replaces the natural wax removed by washing. 
Waxes are applied to citrus fruit for the two-fold purpose of 
reducing weight loss and increasing consumer appeal by giving fruits 
a glossy appearance (Wills.!l,i Ai·, 1981). 
Lakshminarayana .!l.iAi• (1974) carried out a study to compare 
the efficiency of Candelilla aqueous wax emulsion, with other types 
of wax such as Tag and flavorseal on extending the shelf-life and 
improving the quality of citrus fruits. Their results revealed that 
Candelilla wax was equal ino performance to Tag wax and better than 
f lavorseal. 
Cutter (1970) claimed that a slight decrease in the incidence 
of green mould attack due to waxing was observed in Shamouti and 
Valencia oranges untreated with fungicides. 
2.2.4 Pro-long 
Pro-long consists of a specific mixture of sucrose esters of 
fatty acids mixed with carboxymethylcellulose. 
The basic principles governing the effectiveness of Pro-long 
in extending the shelf-life of several fruits are that when the 
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Table 4. The recommended temoerature. relative humidity and 
length of storage for Florida citrus fruits 
Variety Storage temperature 
Dancy tangerines 4 
Orlando tangelos 4 
Temple oranges 4 
Murcott honey 
oranges 4 
Valencia oranges 4 
Grapefruit 10 
Limes 9 
Source: Chace ll al. (1969}. 
Relative humidity 
87-92 
87-92 
87-92 
87-92 
87-92 
87-92 
87-92 
Length of 
storage period 
(weeks} 
2-4 
4 
4 
6-8 
8-12 
6-8 
6-8 
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powdered mixture is dissolved and dispersed in waterJapplied to 
certain fruit and allowed to dry, it creates a semi-permeable gas 
barrier in such a way that 02 levels within the fruit can be 
lowered without an equivalent rise in the internal C02 levels. 
This has proved effective in extending the shelf-life of certain 
tropical and sub-tropical fruits. 
Lowings and Cutts (1961) working on bananas, claimed that they 
can be stored at higher temperatureshence refrigeration costs can 
be reduced by the use of Pro-long. Motlagh (1962) observed that 
limes treated with Pro-long retained chlorophyll longer than untreated 
fruits and the shelf-life was extended. Tarimo (1962) observed that 
Pro-long extended the shelf-life of avocado (var. fuertel and 
extension in shelf-life was also obtained with mango fruits when 
treated with Pro-long (Dhalla, 1962). 
2.3 Post-harvest diseases and their control 
fruit spoilage is usually caused by fungi rather than by 
bacteria due in part, to the fact that the low pH value of fruits 
inhibits the growth of most spoilage bacteria. 
The incidence of citrus decay depends on a number of factors 
including the variety of citrus fruits, the age of the tree, climate, 
grove conditions, handling and other factors (Smoot and Melvin, 1967). 
Penicillium rot 
This type,of decay is considered a major problem in citrus 
fruits after harvest. Two fungi are responsible for this decay: 
Penicillium digitatum (green mould) and f. italicum (blue mould). 
The green mould is more important than the blue mould, but the 
latter may become a major problem under conditions which suppress 
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the green mould. Both fungi invade citrus fruits through wounds 
resulting from coarse harvesting and handling. This rot is a 
predominant decay in the early stages of Florida citrus fruit 
storage (Smoot, 1969). 
Diplodia and Phomopsis rot 
The main fungi responsible for stem-end rot in citrus fruits 
are: Diplodia natalensis and Phomopsis citri. They grow on the 
dead twigs and form spores which are splashed by rain on to the 
developing fruits (Smoot, 1969). ~~ natalensis was the causal agent 
of stem-end rot in grapefruit stored at 12°C in long term storage 
(Schiffmann-Nadel ~si·• 1972). This fungus also has been reported 
to be the causal agent of stem-end rot in prolonged periods of citrus 
storage at 12°C followed by f~ citri (Schiffmann-Nadel, 1977). 
2~3 .3 Alternaria rot 
This disease is caused by Alternaria citri and is considered a 
major source of storage and' marketing losses in lemons. It is also 
responsible for some post-harvest decay, known as black rot in other 
citrus fruits (Ryall and'Perrtier,,,1974).1oit.has been·reported 
to be the main causal agent of stem-end rot of Valencia oranges 
during prolonged storage at 17°C (Schiffmann~Nadel .!U .Ill··• 1972). 
2.3.4 Anthracnose decay 
This disease is caused by Colletotrichum gloeosporioidies and 
is normally associated with fruit from weak unhealthy trees and in 
over-ripe or damaged fruit. This decay has been reported to be e 
major disease in mandarin hybrids such as Lee and Page but to a lesser 
extent in Robinson and Nova varieties, The incidence of this decay 
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has been minimized by delaying harvesting time (Smoot and Melvin, 
1967). 
The incidence of this disease was shown to be higher than for 
other diseases such as Penicillium and Phomopsis rot in prolonged 
storage of citrus fruit stored at 1°C for 16-20 weeks (Smoot, 1969), 
2.3.5 Use gf fungicides 
Pantastico (1975) reports that certain post-harvest diseases of 
citrus fruits must be controlled in the grove before harvest. fruit-
flies and other insects are able to inoculate fruits with pathogenic 
fungi and therefore must be controlled in order to prevent the 
development of diseases from this source after harvest. During 
extended periods of storage, citrus fruits not treated with fungi-
cides may develop more than 25% decay even under optimum conditions 
of storage (Smoot, 1969). The control of post-harvest diseases has 
been studied by several workers using different types of fungicides. 
Eckert ~Al· (1969) investigated the effect of sodium ortho-
phenylphenate tetrahydrate (SDPP) and 2-amino-butane (2-AB) in 
reducing the incidence of f. digitatum rot in lemons, tangerines and 
grapefruit inoculated with this fungus. The incidence of rotting 
was found to be reduced more effectively by 2-AB than SOPP. 
The effect of different f~ngicides such as SOPP,, 2-AB, thia-
bendazole (TBZ) and benomyl in controlling green mould of oranges 
inoculated with f. digitatum has been investigated. Maximum control 
was observed using benomyl and TBZ rather than by SOPP and 2-AB 
(Cutter, 1970). 
Schiffmann-Nadel ~~. (1972) reported that 2,4-dichloropheno-
xyacetic acid was· effective in controlling stem-end rot during 
prolonged storage of grapefruit and Valencia oranges. No effect was 
observed on blue and green mould decay. 
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Methyl 1-(butylcarbamoyl)-2-benzimidazolecarbamate (benomyl) 
controls green mould and stem-end rot in oranges and grapefruit 
more effectively than in mando>rins. furthermore, this fungicide 
was not effective in controlling minor decay such as anthracnose, 
sour rot and black rot (McCornack, 1975). 
Brown (1977) has claimed that the benzimidazoles enhance the 
development of post-harvest citrus diseases. These include thia-
bendazole, fuberidazole, thiophenate methyl, benomyl, and carbenda-
zim. The· most serious problem with these materials is the develop-
ment of resistant strains by the green and blue moulds, in particular. 
Imazalil (1,2-(2,4-dichlorophenyll-2-(2-propenyloxy)-ethyl-1-
H-imidazole, c14 H14 Cl2 N2D, reportedly has a remarkable effect in 
controlling Penici\lium rots (Laville et al., 1977). 
2.4 Plant cell walls and their enzymatic degradation 
2.4.1 The cell wall 
Cell wall components have been discussed in several reviews 
including those by Talmadge ll .!!.l• ( 1973), Keegstra ll M• ( 1973), 
and Hall (1981). These components mainly include cellulose, hemi-
cellulose, pectic substances, structural protein and lignin. Trad-
itionally the cell wall is considered to be of two types: a primary 
cell wall end a secondary cell wall. The matrix of the primary cell 
wall contains water and this is replaced by lignin and xylem as the 
growing stops and the secondary cell w·all forms. It has been reported 
that classical methods of cell wall analysis using suitable solvents 
for cell wall fractionation yield heterogeneous fractions and 
therefore a clear picture of the specific fragments from the cell 
wall can not be obtained. 
Lamport (1970) considered the lack of purified cell wall degrad-
ing.enzymes a major problem for fractionating and studying the cell 
- 15 -
wall. English ~Al· (1972) succeeded in purifying an endo-
polygalacturonase produced by Colletotrichum lindemuthianum able to 
degrade the cell walls of plants. This enzyme was successfully 
used in studying the structure of cell walls isolated from suspension-
cultured sycamore cells (~ pseudoplatanus). These walls consist 
of 10% arabinan, 2% 3,6-linked arabinogalactan, 23% cellulose, 9% 
oligoarabinosides (attached to hydroxyproline), a% 4-linked galactan, 
10% hydroxyproline-rich protein, 16% rhamnogalacturonan, and 21% 
xyloglucan (Talmadge ~al., 1973). The fractionation of the cell 
wall materials degraded by endopolygalacturo~ase is, given in Fig. 1. 
The polymer composition of the cell walls of plants such as 
suspension cultured sycamore, pea epicotyl.:; and maize coleoptile 
are given in Table 5 from data compiled by Goodenough and Atkin 
(1981 ). 
2.4.2 Cell wall degrading enzymes and their production 
Complete degradation of cell walls requires cellulolytic, 
hemicellulolytic, pectolytic and proteolytic enzymes capable of 
attacking each of the major cell wall components (Wheeler, 1975). 
Pectic enzymes 
These have been classified by Bateman and Miller (1966) into 
two major groups: pectin methylesterases which remove the methoxyl 
groups from pectin yielding pectic acid and chain splitting enzymes 
which act on the o(.-1 ,4-glycosidic bonds of pectic substances. The 
chain splitting enzymes ar~ divided into two major categories as 
below:-
1. Polygalacturonases (poly- o<-1 ,4-galacturonide gl!;jcohydrolase-
3.2.1-15) whichcleave glycosidic bonds by hydrolysis. 
I-
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tig. 1. A summery of the fractionetion of cell well materials 
solubili~ed bv endopolygalacturonase 
Soluble products 
1 
traction PG (16%) 
Sycamore 
Endopolygalacturonase reaction 
Endopolygalacturonase-
treeted walls (64%) 
Bio-Gel P-2 chromatogr~phy 
Void polymers Induced oligomers 
l 
traction PG-1 (7.5%) 
l 
traction PG-2 (6.5%) 
DEAE-Sephedex chromatography 
Neutral polymers 
l 
traction PG-1A (0.5%) 
Source: T almadge .!!1 .ru.. ( 1973 l. 
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Table 5. Percentage polymer composition of cell walls 
Wall component Suspension Pei!l Maize 
-cultured sycamore epicotyl coleoptile 
A. Pectic polysaccharides 
Rhamnogalacturonan 7 11 
Rhamnogalacturonan 11 3 11 
Homogalacturonen 6 11 6 
Arab in en 9 6 
Galactan/Arabinogalactan 9 6 7 
B. Hemicellulose a 
Xyloglucan 19 23 
Glucuronoarabinoxylan 5 36 
Glucamannan 7 5 
C. Cellulose 23 25 24 
D. Hydroxyproline-rich 
glycoprotein 19 16 26 
Source: Goodenough and Atkin (1961). 
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2. Lyases or ~s-eliminases (poly- o<-1 ,4-D-galacturonide 
lyase-4.2.99.3) which cleave bonus through ~-elimination. 
Enzymes of each category are subdivided into endo (random cleavage) 
and exo (terminal cleavage). Random or terminal attack may be de-
. termined by either chromatography or by measurement of loss in 
viscosity of the substrata in relation to the release of reducing 
groups. A rapid decrease in the viscosity of the substrata 
accompanied by a slow rate of reducing groups indicates random 
cleavage, whereas a slow decrease in substrata viscosity accompanied 
by a rapid release of reducing groups indicates a terminal attack on 
the substrata (Batsman and Millar, 1966). 
Endo-enzymes, which cause random hydrolysis when they act on 
polymers, have been reported to reduce viscosity by about so% by 
cleaving about 1-2% of glycosidic bonds (Batsman and Miller, 1966; 
Cooper et al., 1976). Several workers including Cervone £1Al• 
(1977) and Fanelli and Cervone (1977) have obtained more than 2% 
glycosidic bond cleavage when so% loss in viscosity was achieved. 
This variation is probably due to the degree of randomness of bond 
cleavage or experimental conditions. 
Exo-enzymes, which attack the free end of pectic substrates, 
have been reported to reduce viscosity by about so% by cleaving about 
SO% of glycosidic bonds (Barash and Angel, 1970). It has been 
demonstrated that the degradation of c:t-1 ,4 glycosidic linkages in 
galacturonan by endo-enzymes is sufficient to cause tissue maceration, 
whereas no maceration activity has been attributed to the exo-forms 
Bateman and Miller, 1966). 
~-eliminases have been reported to break the glycosidic 
bonds of polygalacturonic acids by elimination resulting in unsaturated 
• 
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bonds between carbon 4 and carbon 5, which has an absorption 
maximum at 235 ~Snm (Hasegawa ·and Nagel, 1962; Moran and Starr, 
1969). The unsaturated products react with thiobarbituric acid 
and form red chromogens which exhibit maximum absorption at 550 nm 
(Hasegawa and Nagel, 1962; Ayres ,U .l!!.·, 1966), 
Most polygalacturonases (endo-PG and exo-PG) exhibit maximum 
activity at pH 5,0 and trans-eliminases at pH 6.0 or above. 
Garber and Beraha (1966) reported the presence of exo- and endo-
PG forms in the crude rot of oranges infected with f. digitatum. 
Barash and Angel (1970) investigated the purified exo-PG isolated 
from lemons infected with~. digitatum and their attempt to detect 
this enzyme in the crude rot extract yielded negative results. PG 
activity has been reported to be higher in lemons infected with 
~· candidum than lemons infected with~· natalensis (Schiffmann-
Nadel, 1977). 
Cellulolytic enzymes 
Cellulases which break down cellulose are synthesised and rel-
eased from different fungi grown on media containing, carbon sources. 
Cx ( f3 -1 ,4-glucan glucanhydrolase) attacks swollen soluble or 
partially degraded cellulose but is unable to attack highly ordered 
forms of cellulose. In contrast, C1 !p-1,4-glucan cellobiosthydrolasel 
acts synergistically with Cg and cellobiase to accomplish the 
conversion of native cellulose (Wood, 1966), This C1 enzyme is 
absent in the culture filtrate of most cellulose-decomposing fungi, 
but has been isolated from cell filtrates of fungi such as Fusarium 
solani (Wood, 1971) and Trichoderma koningii (Wood, 1966; Wood and 
McCrae, 1972). Cellulases are not considered important in the 
degradation of cell wall by phytopathogens (Bateman and Miller, 1966). 
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2.4.2.3 Arabinase and !(-L-arabinofuranosidase 
These enzymes attack non-uronide substances associated with 
pectin in an "exo" manner and their maximum pH for activity lies 
between 2.5-5.0. These enzymes are produced by many plant pathogens 
such as £:.. roseum "Avenaceum", (Mullen and Batsman, 1975), 
Verticillium albo-atrum (Cooper llM·• 1978), 5clerotinia fructigena 
(Laborda llM•• 1974) and Corticium rolfsii (Kaji and Yoshihara, 
1969). 
These enzymes were reported not to be involved in the maceration 
process such as the arabinase and the ~ -arabinofuranosidase of 
f. digitatum (Bush and Codner, 1968; Cole and Wood, 1970) and ~ -
arabinofuranosidase of Colletotrichum lindemuthianum (Keegstra ll §!., 
1972) • 
2.4.2.4 Xvlanases 
These enzymes are reported to be produced by various fungi such 
as£:.. roseum "Avenacum" (Mullen and Batsman, 1975), Sclerotium rolfsii 
(Van Et ten and Bat em an, 1969), 5clerotin.ia sclerotiorul11' ( Hancock, 
1967). Cooper ll al. (1978) report that the xylanase of~. albo-
atrum had no detectable effects on tissue coherence of tomato. 
2.4.2.5 Cell wall degrading enzymes 
Polysaccharide degrading enzymes may be produced inducibly or 
constitutively by fungi and bacteria (Horton and Keen, 1966~ Mandels 
and Reese, 1960; Papavizas and Ayres, 1966; Patil and Dimond, 1968; 
fanelli and Cervone, 1977; Cooper et al., 1978 and Macmillan and 
Vaughn, 1964). 
The pectic enzymes of most plant pathogens appear to be induced 
by a specific substrate or group of substrates rather than produced 
at a low constitutive level. Pectin has been reported to induce the 
PG of I· koningii (fanelli and Cervone, 1977). The PG and trans-
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eliminase of ~· albo-atrum were both induced by galacturonic acid 
(Cooper .!U; .!!l• ,. 1976). Galacturonic acid and its structural 
derivatives have also reported to induce the endo-PG of Pyrenochaeta 
terrestris (Horton and Keen, 1966), Cellulolytic enzymes are also 
reportedly inducible (Horton and Keen, 1966; Mandles and Reese, 1960). 
Glucose has been found to suppress the synthesis of pectolytic 
enzymes by fungi, such as[. roseum (Mullen and Bateman, 1975). The 
production of pectic enzymes by bacteria did not take place in the 
presence of glu~ose as a sole carbon source (Miller and Macmillan, 
1970). However constitutive synthesis of polygalacturonic acid trans-
eliminase by Erwinia carotovora and ~. aroideae has been observed 
(Moran and Starr, 1969). They attribute the constitutive production 
of the enzyme to a release from strong catabolite repression on 
depletion of the glucose in the growth medium. 
Synthesis of polysaccharidases is usually controlled by 
catabolite repression, a term for inhibition o~ synthesis of cata-
bolic enzymes by readily metabolized carbon sources. If the rate of 
metabolism exceeds that of anabolism then the catabolites that 
accumulate intracellularly repress· further synthesis of the enzymes. 
This can apply to induced and constitutive synthesis (Loomis and 
Magasanik, 1964; Magasanik, 1961), 
The production of hemicellulases has been reported to be 
inducible (Mullen and Bateman, 1975). The xylanase, galactanase 
and the arabinase of~- albo-atrum are substrata induced (Cooper .!U; 
£1., 1978). Constitutive production of hemicellulases by fungi has 
been reported in· few instances such as ~ -arabinofuranosidase by 
f. diqitatum (Cole and Wood, 1970). 
Other factors such as the age of culture may affect enzyme 
production. Cole and Wood (1970) observed that the production of 
o(-arabinofuranosidase of f. diqitatum increased with the age of the 
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culture. The maximum production was found to be in the oldest 
culture (17 days) whereas the minimum was with the youngest 
culture (3 days). 
Jn vivo the PG activity of~. digitatum isolated from infected 
lemons was found to be maximum on day 2 around the inoculation site 
and started to decrease during the development of surface-hyphae 
and sporulation (Barash and Angel, 1970). 
As pointed out by Bateman and Miller ( 1966) the environmental 
factors such as the pH of the growth medium may determine the type 
of enzyme activity detected. The production of pectic enzymes in 
the gr~wth medium by both ~. solani and ~. tenuis was found to be 
greatly influenced by the pH of the medium (Mehta ~ Al•t 1974, 1975). 
It has been observed that the production of cell wall degrading 
enzymes of I· roseum was in a definite sequence where PG produced on 
day 2 was followed by arabinase on day 4 and the polygalacturonate 
~-eliminase (PGTE) on day 10 •. The delay of PGTE production may 
be due to the change in the pH of the medium which was shown to 
decrease from 6.6 on day 3 to pH 5.0 and then to increase up to 7.3 
on day 10 (Mullen and Bateman, 1975). Sequential production of cell 
wall degrading enzymes has also been reported by Cooper £1Al• (1978). 
2.4 .3 Role of cell wall degrading enzvmes 
Many plant pathogens produce enzymes able to degrade cell wall 
components but only those with pectolytic activity in particular endo 
forms, appear to have this effect. Therefore these enzymes are 
implicated in tissue maceration and cell wall degradation. Several 
workers have purified and determined the macerating activity of 
pectolytic enzymes of different fungi such as endo-PG of~· rolfsii 
(Bateman, 1972), endo-PGTE of I· roseum (Mullen and Bateman, 1971) 
and endo-PG of~. albo-atrum (Wang and Keen, 1970). 
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The accumulation of galacturonic acid in citrus fruits infected 
by fungi has been observed by Miyakawa (1962), He associated the 
soft rot of satsuma oranges infected by f. digitatum with the 
accumulation of this acid. Barmore and Brown (1979) investigated 
the maceration process in f. digitatum infected citrus fruit. They 
observed that treatment of thin citrus peel sections with galacturonic 
acid, PME, or exo-PG of f. digitatum did not induce cell separation. 
Arora and Pandey (1979) report that changes in pectic substances 
in citrus fruit due to fungal attack revealed soft rots and firm 
rots. The reduction in the pectin content was found to be 49-55~ 
due to soft rot fungi whereas only 10-13% reduction was due to firm 
rot fungi. This suggests a difference in mode of attack or cell-
killing by such fungi. 
Bush and Codner (1968) isolated endo-pectin irans-eliminase 
from f. digitatum culture filtrate grown on malt extract medium and 
claim that the macerating activity associated with the fungus is due 
to the presence of this enzyme. Cole and Wood (1970) have reported 
the detection of maceration by the culture filtrate of f. digitatum 
in the absence of this enzyme. Arora and Pandey (1979) investigated 
the macerating activity of the culture filtrates of different citrus 
fungi such as f. digitatum, f, italicum, ].. natalensis and ~· tenuis •. 
The maximum macerating activity was found to be in f. digitatum 
culture filtrate. These fungi produced polygalacturonase in culture. 
Barmore and Brown (1981) isolated endo-PG from grapefruit infected 
with f• italicum which was able to macerate citrus mesocarp. 
Aspergillus japonicus produces a factor capable of stimulating 
tissue maceration by pectolytic enzymes. This factor did not 
stimulate the activity of either endo-PG or pectin lyase when NaPP 
and pectin were used as substrates. The simultaneous action of this 
factor with pectolytic enzymes resulted in a release of the additional 
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sugars such as galacturonide, arabinose, and galactose from potato 
tuber cell walls. No release of sugars was observed due to the 
factor alone ( Ishii,' 1977). 
Yoshikawa ..e,i _gl. ( 1977) have isolated a non- pectolytic macer- y_ 
ating factor from Phytophthora capsici culture filtrates. The pre-
treatment of cucumber pericarp with inhibitors had no effect on 
subsequent maceration by this factor. It appeared not to be a 
typical polysaccharide degrading enzyme. 
As well as causing tissue maceration, pectic enzymes produced 
by bacteria and fungi such as£, chrysanthemi (Basham and Bateman, 
1975), f.. roseum "Avenaceum" (Mullen and Bateman, 1971) and£.. 
expansum (Spaldin9 and Abdul-Baki, 1973) have been reported to 
cause death of plants. The mechanism by which pectic enzymes cause 
1 damage to 
suggested 
cell~ membranes is not known. Mount ~_gl. (1970) have 
r 
that the cell death may be due to direct interaction 
between the host plasmalemma and pectic enzymes, an effect which can 
be reduced when the plasmalemma contracts during plasmolysis. The 
purified polypectate ~-eliminase of £. atroseptica was capable 
of causing cell separation and killing in potato tissue and isolated 
cucumber protoplasts (Quantick, 197al. Neither maceration or cell 
death has been observed by exo-enzymes of y. albo-atrum (Basham and 
Bateman, 1975), nor has cell death or maceration of tomato tissues 
been attributed to the hemicellulases of y, albo-atrum (e.g. xylanase', 
arabinase, and galactosidase) (Cooper ..e,i .lll,., 1978), 
2 .4.4 Factors influencing cell wall degrading enzvme activity 
Various factors have been found to influence cell wall degrading 
enzyme activity in ~and in vitro. 
The association between a high content of Ca2+ and cell wall 
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degrading activity in host tissues has been observed (Corden and 
Edington, 1960), PG activity being found to be inhibited in the 
presence of high Ca2+ content (Corden, 1965). The water extract 
of Rhizoctonia solani-infected bean tissue which contains multi-
valent cations, in particular Ca2+ was shown to inhibit the macer-
ation process by the PG of this fungus (Batsman, 1964). 
Several workers have studied the effect of cations on enzyme 
activities. Batsman and Miller (1966) have suggested that demethy-
lated pectic materials may form insoluble salts with calcium and 
thus become resistant to endo-polygalacturonase. Several investi-
gations jn vitro indicate that the activities of endo-forms of PG 
2+ decrease due to the presence of Ca , whereas exo-forms of PG are 
more resistant to Ca2+ (Cooper Jrl. .£!_., 1978). It has generally been 
observed that Ca2+ stimulates the activity of trans-eliminases to a 
certain extent (Ayres n.£!.., 1966; Cooper fi.£!_., 1978). Fig. 2 
2+ illustrates the associatio" of PG sequences by Ca • 
The inactivation of cell wall degrading enzymes by phenolic 
compounds and their oxidation products has been reported (Patil and 
Dimond, 1967). This evidence has been supported by Mullen and 
Batsman (1975). They report that high recovery of cell wall degrad-
ing enzymes such as galactanase, xylanase, and arabinase from 
infected potato tissues was obtained when conditions were used i" 
which rapid'oxidation of the phenolic co~pounds present was prevented. 
The association between the degree of methylation and PG activity 
has been observed under experimental conditions (Batsman, 1963). The 
PG activity of .!!.•- fragariae was found to be higher on NaPP rather than 
on pectin (Cervone tl al. • 1977). l.o. vivo PME occurring in plant 
tissues would be expected to act synergistically with PG by demethy-
lating the pectin of plants. The pre-treatment with PME had no 
effect on the degradation of pectin by PG of ,E. italicum (Barmore 
and Brown~ 1981). 
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fig. 2. Representation of association of polygalacturonate 
• 2+ 
seguemces by chelat1on of Ca 
=-
Circles represent calcium molecules, lines polygalacturonate 
sequences. 
Source: Goodenough and Atkin (1981). 
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Since enzymes are ampholytes, like all proteins, pH has a 
large influence on their activity. Pathogen metabolites may 
facilitate the action of pectic enzymes by altering the pH to a 
range where the enzyme activity present is optimized. This has 
been observed in bean tissue infected by ~. rolfsii when the pH 
decreased from 6 to 4 during pathogenesis. The lower pH is 
considered optimal for the endo-PG produced by this fungus. v/here 
~-eliminases are produced by L• solani L• ~· phaseoli or 
Thielaviopsis basicola in inTected tissues there is a rise in the 
pH from 6 to B to give optimum conditions for these enzymes 
(Bateman and Miller, 1966). 
Barash and Angel (1970) report that the optimum pH for the PG 
of f. digitatum varied for different substrates. The optimum pH 
was shown to be 4.0, 4.5 and 5.0 for di, tri and polygalacturonic 
acid respectively. 
2.5 The accumulation of phenolics and other compounds 
after infec;tion 
The induced resistance of plants to pathogens is associated 
with either the hypersensitive or the necrotic response of the 
plants which is accompanied by the accumulation of abn>ormal 
metabolites including phenolic and other compounds. The abnormal 
compounds can be synthesized by either the shikimic acid or by the 
acetate pathways of phenol metabolism. The phenolic compounds have 
been observed to function as hydrogen donors or acceptors in the 
oxidation-reduction reaction and to play an important role in the 
lignification process in the plant. It has been reported that the 
oxidation of phenolic compounds yields highly reactive quinones 
which inhibit cell wall d'egrading enzymes by complexing with metal 
ions and reacting with sulphydryl groups or by binding non-specific-
ally to the protein. Phenylalanine amino-lyase is reported to 
• 
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convert phenylalanine to trans-cinnamic acid resulting in phenyl-
propane which can serve as "building blocks" for lignin or be 
utilized in the synthesis of flavanoids and other phenolic derivatives. 
Phenylalanine amino-lyase has been found to be inhibited by some 
phenolic compounds such as cinnamate and f-coumarate. It has been 
observed that some of these compounds which accumulate after infection 
have antibiotic properties and are termed phytoalexins ( vlheeler, 1975). 
Ku~ (1972) has reported phenolic and non-phenolic compounds 
which accumulate in higher plants after infection or injury. The 
phenolic compounos which have been reported include chlorogenic acid, 
caffeic acid, quinic acid, phaseolin, pisatin and phloretin; non-
phenolic compounds include rishitin, ipomeamarone and solanidine. 
The production of rishitin and phytuberin, which are termed 
as phytoalexins, has been investigated in potato tubers inoculated 
with ~- carotovora var. atroseptica. Results have shown that an 
increase of rishitin up to 1215 ~g and 165 ~g phytuberin/g of fresh 
weight where only trace amounts were detected in un·inoculated tissues 
(Lyon, 1972). The induction of the phytoalexin pisatin by virulent 
and avirulent forms of [. solani in culture has been investigated by 
Daniels and Hadwiger (1976) who claim that the difference between 
these forms in pisatin induction appears to be quantitative rather 
than qualitative. 
2.6 Aims of the present work 
a) To establish the effect of Pro-long in extending the 
shelf-life of oranges and grapefruit by reducing weight 
loss and delaying senescence. 
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b) To investigate the in~ production of cell wall 
degrading enzymes by the citrus fungi, Penicillium 
digitatum, Penicillium italicum and Alternaria citri. 
c-l To study the production of cell wall degrading enzymes 
by the above fungi .in vitro using a variety of carbon 
sources and different modesof incubation. 
d) To investigate the response of orange fruit to fungal 
attack, mainly in terms of the accumulation of phenols. 
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3. EXPERIMENTAL 
3.1 Materials 
Citrus fruits: Shamouti and Late Valencia oranges and 
grapefruit (Jaffa) were supplied by Geest Holdings Limited. These 
fruits were used in all storage experiments. Orange fruits used 
in experiments on cell wall degrading enzymes were purchased from 
the local market. 
Thiabendazole fungicide supplied by Merck Sharp & Dohme Ltd., 
under the trade name "Storite", was used for treating fruits prior 
to treatment with Pro-long or incorporated with Pro-long treatments 
to control citrus decay. 
Pro-long is currently marketed by TAL Chemicals,a subsidary 
of Tate and Lyle,and a patent has already been applied for (Patent 
Application No, 8022003). It is sugar based and made from natural 
ingredients approved as food additives by the EEC. 
Visking tubing (dialysis membrane) supplied by (Medicell 
International Ltd.,) were used for enzyme dialysis. 
Sodium polypectate No. 6024 from Sunkist Growers Inc., Ontario, 
California, U.S.A. 91764 was used as a carbon source for fungal 
cultivation and as a substrata for enzymatic assays. 
Polygalacturonic acid Grade II and pectin (polygalacturonic 
acid methyl ester) from citrus fruits Grade I supplied by Sigma 
London Chemical Company Ltd., Dorset, England were used as carbon 
sources for fungal growth and as substrates for enzymatic assays. 
DEAE Sephadex Aso supplied by Pharmacia Uppsala Sweden was 
used for enzyme purification. 
Diethylaminoathyl cellulose (DE52) supplied by Whatman Ltd., 
Sprin1Jfield Mill, Maidstone, Kent, England. 
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3.2 Equipment 
The following pieces of equipment were used: 
An MSE spectroplus-D (MSE Scientific Instruments, Sussex, 
England) and 402 Ultra-violet Visible Spectrophotometer (Perkin-
Elmer) were used to measure the absorbances. 
An MSE High Speed Centrifuge (MSE Scientific Instruments) was 
used for clarifying rot extracts and culture filtrates of cell wall 
degrading enzymes. 
An Instron Universal Testing Machine (Model '1140') was used 
for measuring the toughness of citrus fruits during storage. 
A Status Autoclave (Northern Media, North Cave, East Yorkshire, 
England) was used for sterilizing the media for cultivation of 
citrus fungi. 
A Fraction Collector (Instrumentation Specialities Co.) was 
used for collecting fractions of enzyme samples during chromate 
graphic purification. 
A 12000 Varioperpex peristaltic ~ump (LKB Bromma) was used for 
adjusting the column speed during enzyme purification. 
A Refractometer Abb{ (60) (Bellingham and Stanley Ltd.,) was 
used for measuring total soluble solids of citrus fruits during 
storage. 
A digital pH meter PW9410 made by Philips, Great Britain was 
used to determine pH values. 
1 Cannon-Fenske 1 size 200 viscometers (Technico, England) were 
used for measuring enzyme activity. 
A gradient mixer GM-1 (Pharmacia Fine Chemicals, Sweden) was 
used for mixing buffers during purification of enzymes. 
------~----~----~----~~------------........ 
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3.3 Treatment of citrus fruits and their phvsicel and 
chemical analysis 
3 •. 3 .1 Fungicide treatment 
Two modes of application of TBZ to citrus fruits were recommended 
by the supplier (Geest Holdings L~d. ) through personal communications. 
a) Pre-treatment with TBZ, fruits were first washed in tap 
water and then dipped in circulating water bath containing 
an aqueous suspension of 500 ppm TBZ (active ingredient). 
Fruits were then allowed to drain, treated with Pro-long 
(see Section 3.3.2) and stored at 0-B~C. 
b) Incorporation of TBZ with Pro-long. The required amount of 
TBZ was added to Pro-long suspensions to give the desired 
final concentration,1000 ppm (a.i.) then mixed thoroughly. 
The washed fruits were dipped in TBZ-Pro-long suspensions, 
allowed to drain and stored under various storage 
conditions (see Section 3.3.2). 
3.3.2 Pro-long treatment 
Suspensions of different concentrations of Pro-long were 
prepared as follows: for a 1% suspension 10 g of Pro-long were 
added to 11 of distilled water in a beaker and stirred vigorously 
with the aid of a magnetic stirrer. ·The mixture was stirred for 
3 hr• for the various components of the mixture to complex. for 
other concentrations of Pro-long the appropriate amounts of 
Pro-long were weighed accurately and the different concentrations 
made up using the same method. 
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a) Citrus fruits (Shamouti oranges and grapefruit) treated 
with TBZ were individually dipped in 2~ and 3% Pro-long, 
ensuring a total coating of the fruit surface in the 
process. Excess Pro-long was allowed to drain. Fruits 
were packed in perforated cardboard boxes after their 
surface became dry, and stored in an external building 
where the following conditions prevailed: 
Temperature 
Relative humidity 
b) Late Valencia oranges and grapefruit were dipped in 1% 
and 3% Pro-long containing 1000 ppm TBZ and stored under 
the following conditions: 
3.3.3 
(i) Low temperature conditions 
(10 ~ 2°C, 90-95% R.H.). 
(ii) Tropical ambient conditions 
(20 + 2°C, 85-90% R.H.). 
Weight loss 
Estimations of loss in weight were made by weighing individual 
fruits every 7 days. The percentage weight loss was calculated and 
averaged. 
Ascorbic acid 
The ascorbic acid content of citrus fruits was determined by 
the 2,6-dichlorophenolindophenol method according to Association of 
Official Analytical Chemists (A.O.A.C., 1980). 
- ------------~~-------------------
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10 ml of filtered citrus juice were pipetted into 100 ml 
volumetric flasks. The volume was made up to the mark with 3% 
metaphosphoric acid·, 10 ml aliquots were used for titrating 
against 2 1 6-dichlorophenolindophenol dye and the results expressed 
as mg ascorbic acid/100 ml fresh juice. 
3.3 .. 5 Titratable acidity 
Titratable acidity of citrus juice was determined according 
to the indicator method of the A.D.A.C. (1980), 
10 ml of filtered citrus juice were made up to 100 ml with 
distilled water and mixed to give a homogeneous diluted solution. 
Then 10 ml aliquots of citrus juice were titrated against 0.1 M 
NaOH with phenolphthalein as an indicator and the results expressed 
in terms of percentage acidity. 
3.3 .6 Total soluble solids 
Total soluble solids ( 0 Brix) was determined according to 
Stevens and Baier(1939). Citrus juice was filtered using four layers 
of cheese cloth and the total soluble solids determined using an 
Abb( (60) refractometer at 20°C. 
3.3. 7 Sugars 
The sugar content of citrus juice both before and after 
inversion was analysed by the Lane-Eynon method (1923) using Fehlings 
solution and methylene blue as an internal indicator. 
Aliquots of 25 g filtered juice were transferred to 250 ml 
volumetric flasks. 100 ml of water was added and then neutralized 
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with 1M NaOH, 2 ml of lead acetate was added, shaken and allowed 
to stand for 10 min· • The necessary amount of potassium oxalate 
solution was added to remove the excess of lead, The solution was 
centrifuged for 10 mins at 3000 rpm and made up to volume (250 ml) 
with distilled water. Reducing sugars were estimated both before 
and after inversion and the results expressed in terms of % reducing 
sugars and % total sugar respectively. 
3.3.8 Texture determination 
An Instron Universal Testing Machine (Model 1140) was used for 
measuring texture. The instrument descriptions are as follows: 
Probe type: Magness Taylor puncture 11 mm diameter 
Drive speed: 100 m in -1 mm 
Chart speed: 100 mm . -1 ml.n 
Force range: 50 kg full scale 
The probe was driven through the equator of the whole fruit. 
The read-aut recorded on the chart gave the "toughness" of both 
sides of the rind and the pulp. The "toughness" results (kg) 
obtained from the experiment were the average of 2 readings of rind 
penetration. 
3.4 Enzymatic analysis 
3.4 .1 Inoculation of oranges and extraction of pectic enzymes 
Cultures of Penicillium digitatum, Penicillium italicum and 
Alternaria ~ were isolated from infected oranges and maintained 
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on potato dextrose agar. Mature Shamouti and Late Valencia oranges 
(£. sinensisl and other varieties of oranges from the local market 
were surface treated with ethanol. Fruits were either inoculated 
through a puncture 5 mm deep, into the albedo with mycelial discs 
cut from dextrose agar cultures (7 days old) or injected with 
aqueous spore suspensions prepared by adding 10 ml of sterile 
distilled water to 7 day potato dextrose agar cultures, then shaken. 
Inoculated fruits were incubated in sterilized beakers at 25°C for 
several days. 
Infected titrus tissue was sliced and suspended in 1% NaCl 
solution (1:2 w/v). The slices were homogenized using a blender 
which was cooled by ice. The homogenate was filtered through four 
layers of cheese cloth then centrifuged at 10,000 rpm for 30 min 
0 
at 5-10 C. The supernatant was refiltered through Whatman No. 42 
filter paper, dialysed against distilled water for 5°C for 16-24 hr 
and used as crude enzyme preparation. All the extractions were 
performed at room temperature. 
3.4.2 Cell wall degrading enzvme production in vitro 
£. digitatum, £. italicum and ~. citri were routinely cultivated 
on potato dextrose agar. 
To produce pectic enzymes, citrus fungi were grown on a medium 
described by Arora and Pandey (1979) containing 2 g of asparagine, 
1 g KH
2
Po4 and 0.5 g MgS04 .7H20 dissolved in 1 1 of distilled water. 
The medium was dispensed in 50 and 100 ml aliquots into 250 ml Erlenmeyer 
flasks containing different carbon sources at 1% final concentration. 
Another medium described by Fanelli and Cervone (1977) was used 
consisting of 1 g KH 2Po4 , 0.5 g MgS04 .7H 20, 0.5 g NH4Cl and 0.005 g 
FeC13 dissolved in 1 1 of distilled water and dispensed in 50 ml 
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aliquots only into 250 ml Erlenmeyer flasks containing different 
carbon sources at 1% final concentration. 
Both media were sterilized by autoclaving at 15 psi for 15 min 
then left to cool. The flasks were inoculated with 7 mm diameter 
mycelial discs cut from fungal colonies grown on potato dextrose 
agar for 7 days and incubated in a shaker bath or in an incubator 
0 
at 25 C for several days. 
Culture filtrates were prepared by filtration through Whatman 
paper (No. 42) followed by centrifugation at 10,000 rpm for 20 min 
at 5-10°C to remove insoluble solids. The supernatant was filtered 
then dialysed against large quantities of distilled water at 5°C 
for 16-24 hr and stored in a deep freeze for later analysis. 
3.4.3 Purification of pectic enzymes 
a) Ammonium sulphate precipitation 
Solid (NH4 l 2so4 was added to undialysed crude rot extract or 
crude culture filtrate to give the desired percentage concentration 
i.e •. 0-40, 41-60 and 61-60%. The ( NH 4 ) 2so 4 was added slowly with 
stirring to achieve a gradual increase in the saturation. The 
precipitate was removed by centrifugation at 10,000 rpm for 30 min 
at 23°C~in an MSE high speed centrifuge. The supernatant was 
decanted and further (NH4 )2so4 added to it, to increase the percent-
age saturation. At all stages the amount of solid (NH 4 ) 504 to be 
. 2 
added was calculated from a nomogram (Dixon, 1953) using the volume 
of liquid at hand. The precipitates at each stage were dissolved in 
a small volume of water and dialysed against distilled water at 
4-S°C for 16-24 hro. 
~ -------------- ~~-- --------------
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b) Sephadex ion exchange 
Sephadex A50 was swollen at pH 7.0 in 0.05 M Tris-HCl buffer 
for 2 days at room temperature as described by the manufacturers 
(Pharmacia fine Chemicals Ltd.). The Sephadex was carefully poured 
into an 18 x 2.5 cm column, avoiding air bubble formation and the 
gel left to settle. The column was eluted with 200 ml of 0.05 M 
Tris-HCl buffer, pH 8.5, at a constant flow rate using a peristaltic 
pump~ The dialysed enzyme sample was equilibrated with 0.05 M 
Tris-HCl buffer at pH 8.5 before adding to the column. Elution was 
achieved by descending pH gradient from 8.5 to 5.0 using a gradient 
mixer. All steps, were carried out at room temperature (22°C), 
cl Column chromatography 
The cellulose ion-exchanger (diethyl-amine-ethyl) was first 
washed with 1M NaDH followed by four washes with distilled water. 
The pH was adjusted to 7.0 with citric acid and washed several 
times with 0.1 M citrate phosphate buffer at pH 7.0. The cellulose 
was poured gently into an 18 x 2.5 cm column and equilibrated with 
100 ml of 0.1 M citrate phosphate buffer (pH 7.0) before adding the 
enzyme sample •. 
3.4.4 Protein determination 
a) Protein concentrations were estimated by folin~Ciocaltiw reagent ~ 
' ' 
method ( Lowry tl sl·, 1951). 
Reagents prepared were: 
A. 2% (w/v) sodium carbonate in 0,1 M NaDH, 
B. 1% (w/v) copper sulphate solution and 2% 
potassium sodium tartrate mixed in equal 
quantities on day, of use. 
C. Alkaline copper reagent: 50 parts A to 1 part B. 
D. folin-Ciocalt~ reagent diluted to 1 M. 
1\ 
.,. 39 -
1 ml protein sample and 5 ml reagent C were mixed and kept 
at room temperature for 30 min, 0.5 ml reagent D was then added 
and mixed. After a further 30 min the absorbance of the solution 
was measured at 700 nm against a reagent blank. 
A calibration curve was prepared with solutions of crystalline 
-1 bovine serum albumen containing between 50-300 ~g ml , 
b) U.V. absorption method 
The protein sample was placed in a cuvette and absorbance 
read at 260 nm and 280 nm against water. Correction was made for 
the presence of nucleic acids absorbing strongly at 260 nm by the 
ratio.: 
optical density at 280 nm 
optical density at 260 nm = f 
f was then substituted in the following equation: 
-1 1 protein concentration (mg ml ) = f x /d x optical density at 280nm 
Where d = length of light path of cuvette in cm. 
On occasions it was found convenient to measure protein level at 
280 nm alone. This method has been used. by other authors (Barash and 
Angel, 1970). 
3.4.5 Measurement of enzymatic activities 
Preparation of substrates 
Sodium polypectate (NaPP) and pectin were washed as follows: 
16 g of NaPP or"pectin were added to 100 ml of 70% acid ethanol then 
mixed for 24 hr with the aid of a magnetic stirrer. The substrata 
,, 
/ 
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was collected on Whatman No. 42 filter paper and washed several 
times with 70% ethanol until no traces of chloride were detected 
in the washings by the "silver nitrate" test. Finally the 
substrata was washed with 95% ethanol and left to dry on aluminium 
foil at 70°C to a constant weight. 
Substrates for enzymatic assays were prepared daily as 
follows: 2 g of NaPP or pectin were dissolved in 100 ml of distilled 
water using a magnetic stirrer and then mixed with an equal volume 
of the required buffer for pectic enzymes assays. 0.4 g of carboxy-
methyl cellulose (CMC) was dissolved in 100 ml of distilled water 
and then mixed with an equal volume of buffer for cellulase (Cx) 
assays .• 
a) Cup-plate assay techniques for pectin methyl estrase 
(PME) and polygalacturonase (PG) 
For the assay of PME the cup-plate method developed by Dingle 
et al. (1953) was used. The agar contained citrus pectin 1%, sali-
cyl~ide 0.01%; agar 2% dissolved in distilled water. The pH was 
adjusted to 6.0 with NaOH and after autoclaving methyl 
red was added ~ru 100 .-.1t ""'"i""'-'-· . .:- ..... :·:t "'"~-', 
For the PG assay the agar contained sodium polypectate 1%, 
salicylanide 0.01%, ammonium oxalate 0.7%, agar 2% dissolved in 0.1 M 
citrate phosphate buffer (pH 5.0). 
Both media were autoclaved at 15 psi for 15 min. 25 ml aliquots 
were poured into 9 cm petri dishes. Holes were made in the agar 
with a sterile No. 7 cork borer and 0.1 ml enzyme sample was added 
to the well. The plates were incubated for 16 hrs and PME activity 
was detected by the presence of a red zone around the well, whereas 
- 41 -
PG activity was detected by the appearance of a white halo around 
the well after development with S M HC!. This technique was used 
qualitatively rather than quantitatively during this investigation 
to assess presence or absence of these enzymes under certain 
conditions. 
b) Viscosity reducing activity 
"Cannon Fenske" size 200 viscometers were suspended in a water 
bath at 2S°C. Reaction mixtures contained: 8 m! 1% pectic substrata 
or 0.2% carboxymethyl cellulose (CMC), 1 ml 0.01 M CaC12 (0.001 M 
final concentration) or 1 m! water and 1 ml enzyme sample. 
For polygalacturonase (PG) assays, pectic substrata in 0.1 M 
citrate phosphate buffer (pH S.O) without CaC12 was used. For 
pectin ~s-eliminase (PTE) assays, CaC12 was mixed with the enzyme 
sample before the addition of substrata (buffered with 0.1 M Tris-
HC! (pH 8.S)), to prevent gelling of the substrata. 
The reaction mixture was mixed by blowing through the visco-
meter and the viscosity measured at intervals. RVU units were used 
to express the activity (viscometric activity is calculated as 1000 
x the inverse of time in minutes in which the relative viscosity of 
a 10 ml reaction mixture decreases by SO% i.e. 1 RVU in 10 ml 
decreased relative viscosity by SO% in 1000 min). All viscometers 
were calibrated against water, the flow time of 10 ml representing 
100% reduction in viscosity. 
cl V Thiebarbitaric acid test (Ayres ~ al. (1966) after 
Neukom ( 1960 ll 
Reaction mixtures contained: 1~S ml 2% pectic substrata in 
distilled water, 1.25 ml 0.1 M citrate phosphate buffer (pH S.O) 
or 0.1 M Tris-HCl buffer (pH 8.S), o.s ml distilled water or O.S m! 
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distilled water or 0.5 ml CaC12 (0.001 M final concentration) and 
1 ml enzyme sample. 
The reaction mixtures were incubated at 25°C for 1 hr and 
the enzyme action stopped by the addition of 5 ml thiobarbituric 
acid (0.04 M) and 2.5 ml HCl (1 M). The tube was covered with a 
metal cap and placed in a boiling water bath for 30 min. The 
cloudy precipitate formed was removed by centrifugation at 2000 rpm 
for 20 min. The colour produced was read at 515 nm for polygalact-
uronase (PG) or at 550 nm for pectin trans-eliminase (PTE) against 
a blank prepared from identical mixture containing enzyme sample 
which had been boiled for 3 min. 
d) Release of galacturonic acid (Nelson, 1944) 
This method was used to estimate the release of galacturonic 
acid. Reagents used were as follows" 
Copper reagent Ar 5 g sodiu!TI' carbonate (anhydrous), 5 g potassium, 
sodiu!TI' tartrate, 4 g sodiu~ bicarbonate and 50 g sodium sulphate 
(anhydrous). These were dissolved in approximately 150 ml distilled 
water, diluted to 200 ml, filtered and stored at room temperature. 
Copper reagent B: 15 g CuSO .SH 0, with two drops concentrated 
4 2 
H SO in 100 ml water. 
2 4 
Copper reagents were mixed on the day of use, 25 parts of A 
to 1 part of B •. 
Arsenomolybdate reagent was supplied by BDH Chemicals Ltd. 
Reaction mixtures for the estimation of galacturonic acid 
released contained: 1 ml 1% polygalacturonic acid in 0.1 M citrate 
phosphate buffer (pH 5.0), 1.9 ml distilled water, 1 ml 0.1 M 
citrate phosphate buffer (pH 5.0) and 0.1 ml enzyme sample. 
---~-----------~---------------------------------
- 43 -
0 The mixture was incubated for 15 min at 25 C. 2 ml of the 
reaction mixture was added to 2 ml of water and 1 ml of copper 
reagent and then boiled for 30 min. After cooling, 1 ml of 
arsenomolybdate reagent was added and mixed thoroughly on a 
"Whirlmixer" until C02 evolution had ceased. The blue colour was 
measured at 660 nm against a blank prepared from identical mixture 
containing an enzyme sample which had been boiled for 3 min. 
3.4 .6 Determination of Michaelis constant 
Michaelis constant (Km) is the substrata concentration at 
which half the maximum velocity of a chemical reaction is reached 
and is expressed as mole/litre. 
Km for PG and PTE produced by fungi under investigation was 
determined as follows: the enzyme 
at final concentrations of between 
was incubated with the substrata 
-1 2 to 10 gl w/v NaPP or pectin. 
The polygalacturonases were assayed on NaPP buffered with 0.1 M 
citrate phosphate (pH 5,0) whereas the trans-eliminases assayed on 
either NaPP or pectin buffered with 0,1 M Tris-HCl (pH 8.5) 
containing CaC12 at a final concentration of 0.001 M, After incuba-
tion at 25°C, the activity of the enzyme on various concentrations 
of substrates was determined using the thiobarbituric acid assay. 
Graphs of the reciprocal of activity against the reciprocal of 
substrata concentration (Lineweaver-Burke plot) and substrata 
concentration/activity against substrata concentration were plotted. 
3.4.7 Determination of trans-eliminative activity of pectin 
trans-eliminase (Moran and Starr, 1969) 
It is well known that CC, ~-unsaturated ketones have a maximal 
absorption at 235 + 5 nm. This method utilizes the fact that when 
trans-elimination is caused by an enzyme, there is an increase in 
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the appearance of 4,5 unsaturated bands which absorb strongly at 
235 + 5 nm. 
Two cuvettes were taken and 0.5% NaPP or pectin, buffered 
with 0.1 M Tris-HCl (pH 8.5), CaC12 (final concentration 0.001 M) 
and bailed enzyme (reference cuvette) or enzyme sample (sample 
cuvette)· added to them after adjusting the absorbance to a known 
value since the reaction mixture often causes reduced transmission 
of light through the cuvettes. The increase in absorbance at 
235 nm was noted at 1 min intervals aver 10-15 min. Any increase 
in the absorbance is normally taken to indicate the presence of 
trans-eliminase activity in the enzyme sample. Trans-eliminase 
activity is expressed as an increase in absorbance at 235 nm per 
10 min. 
3.4.8 Determination of the mechanism of bond lysis 
The enzyme sample was assayed using standard viscometric 
techniques. 
The reaction mixture was. mixed in the viscometer and the reaction 
stopped by the addition of TBA-HCl reagent when 50% reduction in 
viscosity was achieved and the release of galacturonic acid was 
determined. 
From the data, % hydrolysis of NaPP can be calculated thus: 
% of hydrolysis = mg anhydrogalacturonic acid liberated x100 
mg anhydrogalacturonic acid originally in the polymer 
1% NaPP contai~7.B mg ml-1 anhydrogalacturonic acid present in 
the polymer. from the results, % hydrolysis of NaPP for \o can be 
calculated. 
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J.5 Inoculation. extraction and estimation of total phenol 
Inoculation 
Late Valencia and 5hamouti oranges were surface treated with 
ethanol. Fruits were inoculated with 0.5 ml spore suspension into 
the albedo using a hypodermic syringe and incubated in perforated 
cardboard boxes at 25°C. Fruits inoculated with sterile water 
served as controls. This method was suggested in preference to the 
"mycelial disc" method of inoculation to reduce the response of 
fruits to injury. The difference in phenol content will therefore 
be a result of the plant response to the fungal attack rather than 
a combination of mechanical damage and fungal action. 
Extraction and estimation of total phenol 
The method used by Quantick (197B) was used with slight modif-
ications. Tissue was ~xtracted J times with BD% ethanol in a ratio 
of 10 ml g - 1 and fil tared,' Then the extracted phenols were concent-
rated by rotary evaporation at 45-50°C and resuspended in BD% 
ethanol to the original volume. Protein was removed by centrifugation 
at 1 D, ODD rpm for 25-JD min • ' 
Then 1 ml of 1 N Folin-Ciocalteu reagent was added to 1 ml 
alcoholic extract, the tube shaken and B ml of 2.5 N Na2co3 added 
immediately and left for 5 min. The cloudy precipitate formed was 
removed by centrifugation at 2000 rpm for 15 min. The blue colour 
was determined against a reagent blank at 700 nm. A calibration 
curve was prepared with solutions of catechol 
-1 and 200 ~g ml catechol and results expressed 
equivalents. 
containing between 10 
-1 
as pg ml catechol 
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4. RESULTS AND DISCUSSION 
In order to assess the effect of Pro-long in extending the 
shelf-life of oranges and grapefruits, treated fruits were stored 
under cold ambient conditions, tropical ambient conditions and 
cold store conditions. 
· 4.1 Storage under cold ambient conditions 
Two types of citrus fruits, Shamouti oranges and grapefruit 
were· treated with 2% and 3% Pro-long as described in Section 3. 3 .2'. 
The Pro-long levels used were chosen based upon the levels found 
effective on similar fruits. The fruits were stored in an external 
building where the following conditions prevailed: temperature O-B°C, 
relative humidity 42-68%. 
4.1 .1 Weight loss 
This was estimated as described in Section 3.3.3. fig. 3 
shows the percentage weight loss in Shamouti oranges stored under 
the conditions described above. By day 24 of storage, weight loss 
in untreated oranges was higher than 2% and 3% Pro-long treated 
oranges which were 9.67%, 7.79% and 7.03% respectively. The 
difference in weight loss between untreated and treated oranges can 
be attributed to the Pro-long membrane acting as a barrier to water 
passage. By day 24 of storage untreated oranges had started to 
deteriorate· while the shelf-life of treated oranges was extended up 
to 44 days. 
for grapefruit, an untreated control was not used due to the 
short supply of unwaxed grapefruit, instead waxed grapefruit were 
used in an attempt to compare the effect of wax-treatment with 
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Fig. 3: Percentage weight loss in Shamouti oranges 
stored under cold ambient conditions 
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treatment by Pro-long in extending shelf-life. fig. 4 illustrates 
the effect of Pro-long in reducing weight loss in grapefruit during 
storage. By day 67 of storage, 2%, 3% Pro-long treated grapefruits 
and waxed grapefruits had lost 8.64%, 10.39% and 9.32% respectively. 
After this period both Pro-long treated and waxed grapefruits 
showed shrivelling and wilting. from these results, Pro-long 
appears to be at least as effective as wax in preventing weight 
loss, since the treatment with Pro-long was carried out at least 
two weeks after harvest, while the waxing was carried out on the 
site immediately post harvest. Presumably Pro-long would prove 
even more effective if applied to fruit immediately they were 
harvested. 
4.1 .2 Physical and chemical analysis 
Citrus fruits are considered non-climacteric and have a relat-
ively long post-harvest storage life. Their chemical composition 
changes during.storage as described by Schiffmann-Nadel (1977) 
(see Section 2.1). 
Table 6 shows the changes in the constituents of Pro-long treated 
and untreated oranges. Total titrable acidity and total soluble 
solids were almost constant during storage. A general decrease in 
ascorbic acid content was observed. Losses in ascorbic acid content 
was noted by El-Zorkani (1968) during storage of Egyptian oranges 
0 
at 5 C and room temperature for 50 or 60_days. Reducing and total 
sugars generally inereased and the increase in total sugars was 
slightly higher in untreated than treated oranges. This was probably 
due to the moisture loss which was higher in untreated oranges. 
Similar results were obtained in storage trials on linres (Motlagh, 
1982). 
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Fig. 4: P·ercentage weight loss in grapefruit stored under 
cold ambient conditions 
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* Values given are averages for two fruits with duplicate assessments for peel toughness and triplicate assessments for 
ascorbic acid, pH, reducing sugars, total titratable acidity, total soluble solids and total sugars. 
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The results obtained from texture measurements show an increase 
in the toughness of untreated compared to Pro-long treated oranges. 
The increase in the untreated oranges can be attributed to the 
desiccation of the rind during storage while Pro-long treated oranges 
showed an almost constant reading. 
The pH values of treated and untreated oranges varied little 
during the storage period and the fluctuations observed were probably 
due to the variation· in the pH value of individual fruits. 
Table 7 shows the changes in the constituent of both waxed and 
Pro-long treated grapefruit. Total soluble solids were virtually 
constant in both waxed and' Pro-long treated fruits. Total acidity 
fluctuated in the early stages of storage, probably due to differ-
ences between individual fruits, and after that became more or less 
stable. The sugar levels increased, probably due to the moisture 
loss. Ascorbic acid was more or less constant but with a slight 
decrease in the waxed fruits. Schiffmann-Nadel (1977) reported a 
constant ascorbic acid level during storage of Shamouti oranges. 
Peel toughness in general, increased and with a similar increase for 
waxed and Pro-long treated fruits. pH was almost constant during 
storage and any fluctuation observed was probably due to the variation 
in individual fruits. 
Physiological damage 
The incidence of physiological damage characterized by pitting 
among Shamouti oranges was obvious during storage. About 40% of 
untreated oranges suffered from pitting whilst about 10% of Pro-lonq 
treated oranges suffered from this defect. The reduction in physiol-
ogical damage in Pro-long treated oranges was probably due to the 
coating acting as a protective layer against the effects of low· 
temperature end hence physiological damage. 
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4.2 Storage under tropical ambient conditions 
In the initial experiments on storage of Shamouti oranges end 
grapefruits under cold ambient conditions, Pro-long gave promising 
results with respect to the extension of citrus fruits shelf-life. 
Therefore it was decided to investigate the effect of Pro-long under 
conditions typical to tropical ambient conditions. It was net 
passible to obtain Shamouti oranges for these experiments as these 
were then aut of season, sa Late Valencia oranges were used. 
Untreated grapefruit were obtained and used rather .than waxed. 
fruits were treated with 1% and 3% Pro-long. The low level of 
Pro-long was used in this experiment since in the previous experi-
ment the 2% Pro-long appeared to be almost equally effective as the 
3% Pro-long treatment. The fruits were stared under ambient tropical 
conditions: temperature 20 + 2°C; relative humidity 85-90%. 
4.2 .1 Weight lass 
Weight lass in Late Valencia oranges under tropical ambient 
conditions was higher then under cold ambient conditions. By day 21, 
weight loss in untreated, 1% and 3% Pro-long treated oranges was 
18.69%, 13.72% and 12.24% respectively (see fig. 5). At this stage 
of storage, untreated fruit had deteriorated while the shelf-life 
of treated oranges was extended up to 35 days, after which shrivel-
ling commenced. The high percentage of weight loss in fruits stored 
under these conditions is due to increased transpiration at higher 
temperature. The difference is due to the extra barrier to water 
loss produced by Pro-long treatment. Motlagh (1982) reported e 
higher weight loss in limes during storage under tropical ambient 
conditions compared with temperate ambient. 
fig. 6 shows a similar effect of Pro-long on grapefruit in terms 
of extending shelf-life and preventing weight loss. 
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Fig. 5:: Percentage weight loss in late Valencia oranges 
stored under tropical ambient conditions 
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fig. 6: Percentage weight loss in grapefruits 
stored under tropical embient conditions 
D = Deterioration 
5 10 
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~ 1% Pro-long 
~ 3% Pro-long 
Results represent average of 5 fruits. 
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4.2.2· Physical and chemieal analysis 
Physical and chemical analysis of oranges was carried aut at 
initiation end termirratian of Late Valencia oranges stored under 
tropical ambien·t conditions and the results are given in Table B. 
Total soluble solids and ascorbic acid content had increased by 
termination in bath treated and untreated fruits which was probably 
due to the high level of moisture lass. El-Zorkani (1966) reports 
an increase in ascorbic acid content in Egyptian oranges stared at 
17°C which is attributable to this effect. A slight decrease in 
the acidity and a slight in~rease in the pH value were observed at 
termination. This finding is in agreement with Schiffmann-Nadel 
(1977) who reported that the total acids of Shamauti oranges decreased 
during storage. The results obtained from peel toughness measurements 
show en increase in toughness in untreated oranges compered with 
treated oranges. The increase in untreated oranges can be attributed 
to the desiccation of the peel during storage. 
Table 9 shows the physical and chemical analysis of initiation 
and termination for grapefruit stored under tropical ambient 
conditions. Ascorbic acid content of treated and untreated grape-
fruit at terminatian was more or less the same as at initiation. 
A slight increase in total soluble solids of bath treated and untreated 
fruits was observed at termination' which was probably due to moisture 
loss. Total acidity had slightly decreased in bath untreated and 
treated fruits by termination. The texture reading of untreated 
grapefruits increased due to the desiccation of the peel during 
storage. 
Table B Physical and chemical properties of Late Valencia oranges stored under tropical ambient and cold store conditions * 
Total soluble Ascorbic acid Acidity Peel toughness 
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4.3 Storage under cold store conditions 
It is known that high relative humidity and low temperature 
have a beneficial effect on the shelf-life of citrus fruits. It 
was therefore decided to study the combined effect of low temper-
ature, high relative humidity and Pro-long in extending shelf-life 
and preventing weight loss of Late Valencia oranges and grapefruit. 
These fruits were coated with 1% and 3% Pro-long and stored at: 
S°C initially and relative humidity of 90-95%. After 6 days of 
storage at 5°C a technical breakdown occurred in the chamber such 
that the temperature 
re-adjusted to 10 + 
humidity of 90-95%. 
4 .3 .1 Weight loss 
could not be 
°C until the 
0 
set below 8 C, the temperature was 
end of storage, with the relative 
Weight loss in both fruits stored under these conditions was 
less than under the conditions previously discussed, in particular, 
the tropical ambient conditions. This was probably due to the 
combined effect of low temperature, high humidity and the semi-
permeable membrane produced by Pro-long coating (Dhalla, 1982; 
Tarimo,. 1982). 
After 28 days of storage, untreated, 1% end 3% Pro-long treated 
Late Valencia oranges showed 13.2%, 9.87% and 10.02% weight loss 
respectively (see fig. 7). At this stage of storage, more than half 
of the untreated oranges had deteriorated whereas for the treated 
oranges, this did not occur until 56 days storage. 
fig. 8 illustrates a similar effect for Pro-long on grapefruit 
stored under the same conditions. For both the orenges and grapefruit 
the 1% Pro-long treatment seemed to be as effective as the 3% Pro-
long treatment. 
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Fig. 7: Percentage weight loss in late· Valencia oranges 
stored uryder cold store conditions 
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·Fig. B: Percentage weight loss in grapefruits stored 
under cold store conditions 
D = Deterioration 
0----G Control 
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-
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4.3.2 Physical and chemical analysis 
Physical and chemical changes in Late Valencia oranges 
were investigated at initiation and termination during storage 
under cold store conditions and the results are given in Table B. 
Total soluble solids and ascorbic acid content at termination were 
more or less the same as at initiation. Total acidity had slightly 
decreased and the pH had increased by termination. Schiffmann-
Nadel (1977) reported similar changes during the storage of Shamouti 
oranges. A slight increase in texture readings at termination and 
the difference between treated and untreated oranges was probably 
due to the moisture loss of rinds. 
Table 9 shows the physical and chemical analysis of grapefruits 
stored under cold store conditions. Total soluble solids had 
slightly increased. by termination which was probably due to moisture 
loss during storage. Ascorbic acid content was more or less the 
same as at initiation. A slight decrease in total acidity and a 
rise in pH value were observed at termination. The texture readings 
of grapefruits were more or less the same as initiation. 
4.3.3 Physiological damage 
Untreated fruits stored under the'' · conditions mentioned above 
suffered from cold injury which was characterized as pitting while 
the low temperature had almost a negligible effect on Pro-long 
treated fruits. This was again probably due to the coating with 
Pro.-long acting as a protective layer against the effects of low 
t~mperature and hence physiological damage (see Plat!!'S :.I1 2·1 }~d 4 · 
iii the Appendix) 
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4.4 Mvcological work 
Thiabendazole (TBZ) has been reported to be effective in 
reducing the incidence of post-harvest diseases in citrus fruits 
and therefore was used in this investigation as described in 
Section 3.3 •. 1. 
4.4 .1 Pre-treatment with TBZ 
Shamouti oranges were treated with 500 ppm TBZ (active ingred-
ient) before coating with Pro-long whereas control oranges were not 
treated with TBZ. The incidence of citrus decay was obvious among 
untreated fruit and about 40% of the untreated fruit suffered from 
citrus decay diagnosed as soft rot and stem-end rot. Decay in 
treated fruits was very rare during storage with the exception of a 
few fruits which suffered from soft rot probably due to mechaniea.l 
damage prior to treatments which facilitated penetration of the 
fungi. At termination the incidence of stem-end rot was observed 
but was not severe. Diseased fruits were surface treated with 
0 
ethanol, maintained on potato dextrose agar and incubated at 25 C. 
Isolates were taken and identified microscopically using cotton blue-
lactophenol as a stain. f. digitatum, f. italicum and~. citri were 
found to be the dominant fungi. 
4.4.2 Incorporation of TBZ with Pro-long 
from the previous experiments where the incidence of citrus 
decay was observed during storage of untreated fruits and at the 
end of storage for TBZ treated fruits, it was decided to increase 
the level of TBZ to 1000 ppm (active ingredient) for both untreated 
and Pro-long treated fruits (as described in Section 3.3.1). Neither 
serious decay nor appearance of fungal attack at the stem-end was 
observed during storage under tropical ambient and cold store 
conditions. This can be attributed to the effect of the high level 
. of TBZ. 
.· 
I· 
--------------------------............. .. 
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4.5 Production of pectic enzymes in yiyp 
As well as suffering from weight loss and other deteriorative 
changes during storage, citrus fruits are also subject to attack by 
fungi which can cause damage to stored fruits. Pectic enzymes are 
known to play a major role in the tissue damage (disease symptoms) 
associated with these fungi and therefore it was decided to invest-
igate pectic enzyme production by citrus fungi. The study was 
conducted to obtain a detailed knowledge of the pathogenic/spoilage 
process in order to provide information which may be used to control 
the fungi. Although fungicides such as TBZ can be used to control 
citrus fungi, alternative means of control would be valuable since 
many growers do not make use of fungicides for various reasons (e.g. 
costs) and also the use of fungicides provides only a temporary 
solution to the problem since continued use of fungicides merely 
increases the incidence of fungicide resistent strains of fungi 
( Laville et .!!!.•, 1977 l. 
To investigate the production of pectic enzymes ·by citrus fungi, 
orange fruits such as Late Valencia and Shamouti were inoculated with 
Penicillium digitatum, f. italicum and~· citri as described in 
Section 3.4.1 and incubated for 4 to 7 days. 
4.5.1 Pectic enzymes in orange rot extract 
Crude rot extracts from the oranges inoculated with citrus 
fungi mentioned above were prepared as described in Section 3.4-1, 
and- polygalacturonase (PG;) .. and pectin'~•e!iminase ( PTE) assayed 
using the TBA-HCl test and viscometric techniques (see Section 3.4.5). 
The cellulase (Cx) activity of rot extracts was also determined 
viscometrically. No measurable enzyme activity was associated with 
f. digitatum or~. citri rot extracts using either technique. PG 
activity of f. italicum was 
4 and 7 and found to be 480 
detectable by viscometric assay on days 
-1 
and 100 RVU ml respectively. Cx was 
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also produced by f. italicum in the rot extract and was found to have 
an activity of 65 RVU ml-1 on day 7. further attempts to detect 
enzyme production by f. digitatum and h· citri in rot extracts were 
carried out using longer periods of incubation (up to 14 days) but 
these yielded negative results. In f. italicum rot extracts from 
oranges incubated for the same length of time, PG activity disappeared 
-1 
and Cx activity increased up to 95 RVU ml , No trans-eliminase 
activity was associated with any of the rot extracts. This is in 
agreement with the results of other workers who have reported the 
absence of PTE in f. digitatum rot extract and f. italicum rot 
extract (Barmore and Brown, 1979; 1981). 
4.5.2 Determination of gala9turonic acid in infected orange tissue 
It has been observed that during pathogenesis breakdown of 
pectic substances causes accumulation of galacturonic acid in 
infected citrus peels (Miyakawa, 1962; Barash and Angel, 1970). 
Attempts to investigate production of pectic enzyme activity in crude 
rot extracts yielded negative or inconclusive results, The level of 
galacturonic acid in samples and boiled enzyme controls was found to 
be similar when activity assessment was attempted by TBA-HCl test. 
The source of galacturonic acid was undoubtedly the breakdown products 
of pectic polymers in the peel of oranges. This prompted the use of 
the s·ame technique in detecting galacturonic acid in healthy and 
diseased tissues. The reaction of galacturonic acid with TBA-HCl 
gives maximum absorbance at 515 nm. The galacturonic acid content 
of extracts from healthy and diseased tissues was determined by 
adding 1 ml of sample to 5 ml TBA (0.04 M) and 2.5 ml HCl (1 M), 
placing in a boiling water bath for 30 min and reading the colour 
produced at 515 nm against a reagent blank, containing water. Results 
are calculated from a calibration curve for galacturonic a:id and 
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expressed as g/100 g of fresh weight sample (see Table 10), Only 
samples from infected tissues show the presence of the galacturonic 
acid produced.. No measurable galacturonic acid was produced when 
samples from healthy tissues were used. 
These results are consistent with the production of pectic 
enzymes by citrus fungi during pathogenesis. Dialysis of the samples, 
carried out prior to enzyme determination, caused disappearance of 
galacturonic acid from the rot extracts which is to be expected. 
This technique may prove extremely useful as an indicator of 
pectic enzyme activity where the enzyme is not detectable for various 
reasons such as death of pathogen or inactivation of enzyme during 
pathogenesis ~ 
4 .5.3 Purification of PG from rotted orange tissue 
Partial purification was carried out using ammonium sulphate 
fractionation to detect pectic enzyme activity in f, digitatum' and 
~. citri rot extracts. Attempts to detect PG activity off, digitatum 
in 7 day old extracts concentrated with 6t-BD% saturation of (NH ) 504 4 2 
using the TBA-HCl test and viscometric techniques yielded negative 
results. When· PG activity was assayed by measuring the release of 
galacturonic acid from·NaPP (polygalacturonic acid sodium· salt) using 
the Nelson test (1944), this fraction' was found to have an activity 
-1 -1 
of 113.0 ug ml hr galacturonic acid (as determined from a 
calibration curve of galacturorric acid), This level is considered 
low. No activity was associated with extracts from healthy peel. 
Attempts to detect PG activity in~· citri in 7 day old rot 
extracts concentrated with 61-BD% (NH4 l 2so4 using the viscometric 
technique gave an activity of 17.54 RVU ml-l. No measurable activity 
was associated with PG using the TBA-HCl test, but the release of 
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Table 10 Accumulation of galacturonic acid in infected 
orange tissue 
Source of sample 
~. digitatum rot extract 
~· italicum rot extract 
~. citri rot extract 
Healthy peels 
Galacturonic acid* 
(g/100 g of fresh weight sample) 
3.66 
2.36 
1.64 
0 
* Results are the mean values of two experiments with triplicate 
determinations. 
, 
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galacturonic acid was also measured by the Nelson test (1944) and a 
-1 -1 PG activity of 48 pg ml hr 
again, is considered low. The 
galacturonic acid was detected. 
probable reason why the TBA-HCl 
This, 
test 
failed to detect release of galacturonic acid is associated with this 
low activity i.e. release was below the sensitivity limit of the test. 
The low PG activity of f. digitatum and A· citri may have bee~ 
due to thermal inactivation of the enzyme since all steps were 
carried out at room temperature, or it may reflect the host response 
to infection, or the presence of fungicides used to treat orange 
fruits. 
Attempts to incubate the oranges inoculated with A· citri for 
more than 7 days to obtain a higher level of rottin~ resulted in the 
external development of hyphae and spores of Penicillium in spite of 
all precautions taken, therefore it was not possible to investigate 
enzyme productio~ by this fungus critically. The Penicillium spp. 
associated with these oranges was probably latently infecting the 
fruits and rapidly out grew A· citri under these conditions of incub-
ation. 
for f. italicum, where the PG activity in crude rot extracts was 
maximum at day 4, chromatographic purification was carried out. 
following dialysis, 10 ml of crude enzyme preparation containing 
5000 RVU were absorbed onto a DEAE Sephadex A~ ion exchange column 
buffered at pH 8.5 with 0.05 M Tris-HCl. Elution was achieved by 
descending pH gradient (using O.p5 M Tris-HCl buffer between pH 8.5 
and 5.0). The speed of flow through the column was adjusted with 
the aid of a peristaltic pump and 12 ml fractions were collected. 
PG activity was determined (using 1% NaPP at pH 5) and protein content 
was also determined (fig. 9). About 20% of the enzyme activity was 
obtained in fractions 2 and 3 while about 75% of the activity was 
recovered from fractions 11 to 14. This result may suggest that more 
than one form of PG is produced in. the rot extracts of f. itelicum. 
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Similar results have been reported for other fungi (Cooper ~£l., 
1978). 
As well as assaying PG production by fungi under these conditions, 
another pectic enzyme pectic methyl esteras~·(PME) was also detectable 
in rot extracts of all these fungi, its role in the breakdown of 
pectic substances is to deesterify pectin (see Section 2;1.3) but its 
role in pathogenesis is not thought to be important (2.4.J.). 
4.6 Production of pectic and cellulolytic enzymes in vitro 
It was decided to investigate enzyme production in culture by 
citrus fungi such as f. digitatum, f. italicum and~. citri isolated 
from citrus fruits during storage. lll vitro investigation of these 
enzymes was carried out for two reasons: firstly, enzymes are 
produced more easily and in larger quantities than in vivo, and 
secondly, differences in enzyme forms produced in vivo and in vitro 
have been reported (Bateman and Millar, 1966). 
During investigation in vitro, it was decided to study the effect 
of several factors on enzyme production such as type of carbon source 
and other nutritional factors, age of culture and method of incubation. 
The fungi were cultivated on an "asparagine medium" containing various 
carbon sources at a final com::entrationo of 1%. Four possible methods of 
incubation were used: 
"shallow batch" 
"deep batch" 
"shallow shake" 
"deep shake" 
- cultures incubated without agitation 
in 50 ml medium 
- cultures incubated without agitation 
in 1 DO ml medium· 
cultures incubated in a shaker bath 
(80-100 rpm) in 50 ml medium 
- cultures incubated in a shaker bath 
(80-100 rpm) in 100 ml medium. 
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Investigation of the production of pectic enzymes and their 
characteristics took priority during this study since these are the 
main enzymes responsible for tissue maceration (see Section 2.4.3). 
Cellulolytic enzymes were not fully investigated since it has been 
reported that these are not involved in the maceration process 
(Bateman and Millar, 1966). 
4.6 .1 Production by f. digitatum 
f. digitatum was cultivated in "deep shake" and "deep batch" 
cultures using asparagine medium containing NaPP, pectin or CMC (1% 
final concentration) as carbon sources, and incubated for 4, 7 and 
14 days at 25°C. Culture filtrates were treated as described in 
Section 3.4.2. Enzyme activity was assayed using standard viscometric 
techniques as described in Section 3.4.5. The decrease in viscosity 
-1 
was observed and results expressed as RVU ml • Results are presented 
in Table 11. Pectic and cellulolytic enzyme production took place on 
NaPP and pectin, whilst on CMC, only Cx was produced. PG production 
was generally lower than PTE production on NaPP or pectin. A higher 
level of PTE on NaPP in shake culture probably reflects increased 
aeration of the medium effected by shaking. It is of interest that 
pectic substrates support the production of Cx and that Cx production 
is generally higher with NaPP as a carbon source than pectin partic-
ularly in shake culture. 
The effect of shaking on enzyme production was not exactly as 
anticipated as it was expected that increased aeration of the medium 
would increase enzy~e production generally. However, in several cases, 
enzyme production was absent from shake cultures. This may reflect 
rapid utilization of the substrate under such conditions leadin~ to 
suppression of enzyme production by ~ack of induction or by catabolite 
repression. 
Table 12 shows the production of pectic and cellulolytic enzymes 
of !.• digitatum in "shallow shake" and "shallow batch" cultures 
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Table 11 Production of pectic and cellulolvtic enzymes by 
P. diqi tat urn cultivated in "deep shake" and "deep 
batch 11 culture* 
PG (RVU ml-1 ) PTE (RVU ml-1 ) -1 Cx (RVU ml ) 
7 14 4 7 14 4 7 
NaPPt 25 0 0 45 143 50 0 55 
NaPPt 33 25 13.3 35.71 45.45 27.0 19.23 46.5 
Pectin t 14 22.2 0 0 42 0 
Pectint 0 0 0 0 0 59.0 29.41 81 .o 
CMCt 0 0 0 0 0 0 0 18.6 
CMC:t: 0 0 0 0 0 0 0 9.25 
* Results are the mean values for two experiments with duplicate 
14 days 
83 
76.9 
222.22 
33 
14.5 
assays being performed. PG activity was assayed on 1% NaPP buffered 
with 0.1 M citrate phosphate (pH 5.0)~ PTE on 1% pectin buffered with 
0.1 M Tris-HCl (pH ,a'.5') and Cx on 0.2% CMC buffered with 0.1 M citrate 
phosphate (pH 4.5). 
t "deep shake" culture 
+ 
+ "deep batch" culture. 
Table 12 Production of pectic and cellulolytic enzymes by P. digitatum 
cultivated in "shallow shake" and "shallow batch" culture* 
Enzyme -4 PG ( RVU m:t-1 ) PTE ( RVU ml-1 ) Cx (RVU ml-1) 
CI.JJ.t fle Of' 
Ca:r I.J:re ( 6o, <fa~ ) 2 5 5 7 2.5 5 7 2.5 5 7 sou s • 
:re:: 
NaPPt 0 0 0 133 60 . A2.5 45 125 
NaPPt 10 0 0 0 71.4 39.4 19.23 76.92 
Pectint 20 15 0 47.85 34.48 0 27.7 36 46 
Pectin+ 0 10.2 18.18 0 0 0 34.39 56 90 
CMCt 0 0 0 0 0 0 0 0 
CMCt 0 0 0 0 0 0 0 0 32.25 
* Results are the mean values for two experiments with duplicate assays being done. 
assays see Table 11. 
For conditions of 
t "shallow shake" culture 
t "shallow batch" culture 
.... 
w 
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containing NaPP, pectin or CMC (1% final concentration) incubated 
for 2.5, 5 and 7 days. The enzyme activity was assayed using 
standard viscometric techniques. PG activity was found to be 
generally very low or absent, whilst high PTE activity was observed 
as in "deep" culture filtrates. Interestingly PTE was produced on 
pectin in "shallow shake" culture, but there was no measurable 
activity of this enzyme in. "shallow batch" cultures on the same 
substrata. There was no production of PG on NaPP in "shallow shake" 
culture, this again could be due to rapid utilization of the substrata. 
Cellulolytic enzyme production took place on NaPP and pectin. as 
in. "deep" cultures but production on CMC was either low or absent by 
day 7. The results, generally suggest that NaPP is a more suitable 
carbon source for pectic enzyme production than pectin, though to a 
less extent in shallow culture. Pectic enzyme production on pectin 
as a carbon source was generally lower or at slower rate than on 
NaPP for deep and shallow cultures. The decrease in PTE production 
on NaPP with time probably reflects rapid utilization of the carbon 
source leadin~ to inhibition of enzymes by catabolite repression or 
lack of induction:. Sampling the cultures earlier in. this experiment, 
adds weight to the thecrry that the greater the aeration of the medium, 
the more rapidly are pectic enzymes produced. 
The trans-eliminative activity of f. digitatum grown on NaPP in 
"shallow shake" culture for 5 days was investigated by measuring the 
increase in absorbance at 240 nm in: reaction mixture containing 0.5% 
NaPP buffered at pH B.5, CaC12 (0.001 M final concentration) and 1 ml 
enzyme sample,. in spectrophotometer cuvettes and read against identical 
reaction mixtures containing an enzyme sample which had been boiled 
for 3 min. The results are given in Table 13 where the increase in· 
absorbance with time is shown. The increase in absorbance is due to 
the appearance of unsaturated bonds which absorb at 235 + 5 nm. This 
supports the view that g. digitetu~ produces a trens-eliminative 
enzyme, active on pectic substrates. 
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Table 13 Trans-eliminative activity of pectic enzyme of 
, P. digitatum crude culture filtrate (PTE)* 
Time (minl Absorbance at 240 nm 
0 0 
2 0.20 
4 0.33 
6 0.40 
B 0.45 
10 0,48 
* f~ digitatum was grown on 1% NaPP for 5 days in shake 
shallow culture. Samples were read against an identical 
reaction mixture containing enzyme sample boiled for 
3 min.. Results are the mean values for two experiments. 
--- ---------------------------------------------
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4. 6.2 Production by P. italicum 
During the investigation of enzyme production by~. digitatum 
it was found that shake culture was generally more effective in 
supporting the production of pectic enzymes than batch culture. For 
exampl~ PTE was produced at higher level on shake cultures than in 
deep batch cultures using NaPP as a carbon source; PTE production 
was much later in batch cultures. For this reason, it was decided 
to use the following methods of incubation for ~. italicum: "deep 
and shallow shake" cultures and "shallow batch" culture; the latter 
being retained for comparison. 
~· italicum was grown on 1% NaPP in asparagine medium for 2.5, 
5 and 7 days in "shallow shake", "deep shake" and "shallow batch" 
cultures. 
The results for enzyme production on day 5 are given in Table 14. 
Results are not given for days 2.5 and 7 since at day 2.5 pectic 
enzyme production was very similar to results for day 5 and by day 7 
there was little pectic enzyme activity detectable, Sampling of 
cultures between 5 and 7 days indicates a marked decrease in enzyme 
production from day 5 onwards. 
Results for day 5 show a very high level of pectic enzyme 
production, far greater than was produced by~. digitatum. These 
results may explain the virtual absence of enzyme production on day 7 
since the activity of the fungus would lead to rapid utilization of 
the carbon source. lrl. vivo studies also indicate that maximal 
production of pectic enzymes took place cm day 4, had markedly 
decreased by day 7 and was negligible by day 14. 
PTE activity was found to be maximal in "shallow shake" cultures 
which was probably due to the combined effect of shaking and· the 
amount of oxygen available for shallow cultures. More PTE production 
took place in cultures containing NaPP for all three modes of 
Table 14 Production of pectic enzymes by P, italicum cultivated in "shallow shake", "deep shake" and 
"shallow batch" culture* 
Method of incubation Shallow shake Deep shake Shallow batch 
PTE PG PTE PG PTE PG 
(RVU ml-1 ) (RVU ml-1) (RVU ml-1 ) (RVU ml-1) (RVU ml-1 ) (RVU ml-1) 
NaPP 710 0 333 0 210 22 
Pectin 350 0 110 0 90.90 14 
*Results are the mean values for two experiments with duplicate assays being performed. for conditions of 
assays see Table 11. 
I 
__, 
__, 
I 
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incubation than on pectin, which indicates that NaPP is a more 
suitable carbon source for the production of PTE by this fungus. 
PG activity was not present in shake cultures, although low levels 
in "shallow batch" cultures were detected which may again reflect 
some effect of aeration on enzyme production. Generally, f. italicum 
produces far higher levels of pectin· trans-eliminase than f. digitatum 
in both methods of incubation (shake or batch). However, for both 
fungi NaPP is a preferred carbon source. 
The trans-eliminative activity of f. italicum grown on NaPP in 
"shallow shake" culture for 5 days was investigated by the increase 
in the absorbance at 240 nm in reaction mixture containing 0.57. 
pectin buffered with 0.1 M tris-HCl (pH 8.5), CaC12 (0.001 M final 
concentration) and 1 ml enzyme sample in spectrophotometer cuvettes 
and read against an identical reaction mixture containing an enzyme 
sample which had been boiled for 3 min. The release of unsaturated 
bonds was first noted at 240 nm and then the wavelength was increased 
gradually to 250 nm to obtain maximum absorbance, which may reflect 
a difference in method of bond lysis as compared to f. digitatum. 
The in~rease in the absorbance at 240-250 nm is given in Table 15, 
which indicates the ~-eliminative activity of this fungus. 
It is of interest to note that although the viscometric activity 
of the PTE of~. italicum was far greater than that of f. digitatum, 
the rate of increase of absorbance for both fungi was comparable. 
This indicates that the action of PTE of f. italicum was probably 
highly "endo". 
4.6.3 Production by A. citri 
A·citri was grown in "deep shake·" and "deep batch" cultures in 
asparagine medium containing.NaPP, pectin and CMC (1% final concentra-
tion) for 4, 7 and 14 days at 25°C. Enzyme activities of the crude 
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Table 15 Trans-eliminative activity of pectic enzyme of 
P. italicum crude culture filtrate (PTE)* 
Time (min) Absorbance at (240-250 nm) 
0 0 
2 0.11 
4 0.21 
6 0.25 
B 0.29 
10. 0.35 
12 0.37 
14 0.39 
* f. italicum was grown on 1% NaPP in shallow shake culture 
using asparagine medium. Samples were read against an 
identical reaction mixture containing enzyme sample boiled 
for 3 min. Results are mean values for two experiments. 
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culture filtrates were assayed using standard viscometric techniques 
as described in Section 3.4.S. The results are expressed in 
RVU ml-1 and given in Table 16. On NaPP and pectin only PG was 
produced and no pectin trans-eliminase was detectable, whilst on' 
CMC only Cx was produced at very low levels. PG activity was found 
to be detectable earlier in shake cultures than in batch cultures. 
The decrease in the PG activity in shake cultures was probably due 
to a rapid utilization of substrata, an effect already described in 
Section 4.6.1. Low Cx activity was detected when this fungus was 
grown on CMC and found to be 10 and 15 RVU ml-1 on day 14 in "deep 
batch" and "deep shake" cultures, respectively. 
fi. citri again was grown in "shallow shake" and "shallow batch" 
cultures in asparagine medium containing NaPP, pectin, or CMC (1% 
final concentration). These cultures were incubated at 25°C for 2.5, 
5 and 7 days. The enzyme production was investigated using standard 
-1 
viscometric techniques. and results expressed as RVU ml are given 
in Table 17. Results show the production of PG in cultures containing 
NaPP and pectin. Neither PTE nor Cx was detectable in these culture 
filtrates. Again, earlier production of PG in shake cultures may 
support the view that rapid utilization of carbon sources by fungi 
leads to repression of enzyme production· (see Section 4. 6.1). PG was, 
produced on NaPP and pectin but higher activity was obtained using 
pectin as a carbon source • p;, similar effect has been ·reported by 
'Mehta .!!l:Jll. (1974, 1975).-· · 
These results contrast with those obtained for f. digitatum and 
f. italicum since pectin appears to be the preferred carbon source 
for PG production byfi. citri whereas NaPP was preferred by f. digitatum 
and f. italicum. 
The ~-eliminative activity of .fi. citri grown in "shallow 
batch" cultures using asparagine medium corrtaining 1% NaPP incubated 
for 2, 7 and 14 days was investigated. Samples from the crude 
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Table 16 Polygalacturonase activity (RVU ml-1 ) produced by 
A. citri cultivated in "deep shake" and "deep batch" 
culture 
C' ~.t-6 
01) v.t> o,. &o $ 4 7 
14 
v.t- (0'. 
('& ~.~-& 
NaPPt 29.0 0 0 
NaPP! 38.46 142.8 0 
Pectint 200 40 31.25 
Pectint 25 55 102 
CMCt 0 0 0 
CMCt 0 0 0 
* Results are the mean values for two experiments with triplicate 
assays being performed. 
t "deep shake" culture 
t "deep batch" culture. 
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Table 17 Polygalacturonase activity (RVU ml-1 ) of A. citri 
cultivated in "shallow shake" and "shallow batch" cultures* 
2.5 5 7 
105 45 28.57 
NaPP! 25 62 66.66 
Pectin't 1 53.84 416 166.66 
Pectint 22 250 312.5 
CMCt 0 0 0 
CMC! 0 0 0 
* PG activity was essayed on 1% NaPP buffered with 0.1 M citrate 
phosphate (pH 5.0). Results are the mean values for two experiments 
with duplicate assays being performed. 
t "shallow shake" culture 
! "shallow batch" culture. 
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culture filtrates were added to reaction mixtures containing 
NaPP as described in Section 3.4.7 and the absorbance measured at 
5 min intervals at 235 nm for up to 60 min· at 25°C. The increase 
in absorbance due to the release of unsaturated bonds was noted and 
the results are illustrated in Fig. 10. The results show ma><imum 
activity on day 7 whilst no measurable increase was recorded on day 
14, this was probably due to a complete utilization of the carbon 
source by the fungus. This may suggest a definite induction of 
the trans-eliminase enzyme by pectic substrates, or a pure catabolite 
repression effect. No change in wavelength, as observed for 
f. italicum, was ncrted here. 
4.6.4 Purification of pectic enzymes 
It was the main aim of this section to use purification techniques 
to detect enzymes which were not detectable in crude culture filtrates. 
The best method available for this was protein precipitation using 
ammonium sulphate as described in Section 3.4.3. Other methods more 
satisfactory for this type of work such as ultrafiltration were not 
available to the author. Separatio~ of enzymes using ion exchange 
chromatography was also attempted. 
lll vitro studies of PTE production by f. digitatum showed the 
enzyme to be produced in shake cultures but levels were not detectable, 
particularly when pectin was used as a carbon source, in "shallow 
batch" culture. To investigate whether this reflects non-production 
of the enzyme or a very low level of production, the 7 day culture 
filtrate of f. digitatum in. "shallow batch" culture on 1% pectin was 
dialysed and brought up to different concentrations of ammonium 
sulphate (between D-40%, 41-60% end 61-80% saturation,) made up to a 
small volume (5 ml) with distilled water and dialysed against distilled 
water at 4-5°C for 18-24 hr. PTE activity was assayed using the 
standard viscometric techndque and the results are presented in Fig. 11. 
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Fig. 10: Trans-eliminative activity of A. citri crude culture filtrates* 
0.4 
0.3 -
o. 2 • 
0.1 
210 220 230 
wavelength (nml 
240 250 
* Trans-eliminative activity was assayed on 0.5% NaPP buffered with 
0.1 M Tris-HCl (pH 9.0) and read against identical reaction mixtures 
containing enzyme sample boiled for 3 min. Results are the mean 
value for two experiments. 
A1 ~ ~· citri crude culture filtrate (2 days old) 
A2 = ~. citri crude culture filtrate (7 days old) 
A3 = ~. ~itri crude culture filtrate ( 14 days old) 
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Fig. 11: Distribution of PTE activity obtained from fraction 
precipitation of P. digitatum culture filtrate with 
0-40% 41-60% and 61-80/. saturation of (NH4~4 
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Maximum PTE activity was found in 61-BO% fractions and the minimum 
in 0-40% (NH4 ) 2so 4 saturation. These results suggest a low level of 
PTE production under these conditions of incubation and may support 
previous data (see Table 12). No release of the dimer (digalacturonic 
acid) was noted when TBA-HCl test was used on the 61-BO% fraction. 
This suggests that the enzyme is highly "endo-" in action since 
digalacturonic acid release was below the sensitivity of the test. 
No PG activity was detectable using either standard viscometric 
techniques or TBA-HCl test in this fraction. Therefore it was 
decided to investigate the release of galacturonic acid using the 
Nelson test (1944) (see Section 3.4.5) which is a more sensitive 
method of assessment. The blue colour was measured at 660 nm against 
an identical reaction 
-1 
result of 978 ~g ml 
mixture containing 
-1 hr was obtained. 
boiled enzyme sample and a 
This suggests that 
f. digitatum produces an exo-PG since release of galacturonic acid 
was not accompanied by a measurable reduction in the viscosity of 
NaPP. This is in agreement with Barash and Angel ( 1970) >1ho have 
reported that f. digitatum produces an exo-PG, Clearly, then 
f. digitatum produces the above enzymes under the incubation conditions 
described but at such low activities that are not detectable. 
f. italicum grown on NaPP produced PG which was detectable 
using standard viscometric techniques (see Table 23), When the TBA-
HCl test was used, no measurable activity was associated with PG in 
these crude culture filtrates. Therefore they were brought up to 
61-80% (NH 4)2so4 saturation. This fraction was found to have an 
activity of 725 RVU ml-1 using the standard viscometric technique. 
With the TBA-HCl test this fraction gave an absorbance of 0.21 
measured at 515 nm. This suggests that£. diqitatum produces an 
endo-PG, 
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~vitro studies of pectic enzyme production by~. citri show 
high PG production when pectin was used as a carbon source and 
absence of PTE using the standard viscometric techniques. With the 
TBA-HCl test no measurable activity was associated with PG while it 
was detectable for PTE. Culture filtrates of~. citri grown on· 
pectin in "shallow batch" culture were brought up to different 
concentrations of ammonium sulphate (between 0-40%, 41-60% and 
61-80% saturation), made up to·a small volume (5 ml) with distilled 
water and dialysed against distilled water at 4-5°C for 18-24 hr. 
Pectic enzymes were assayed by viscometric techniques and the TBA-HCl 
test and results are given in Table 18. Maximum PG activity was 
observed in the 61-80% fraction and minimum in the 0-40% using 
standard visometric techniques. When the TBA-HCl test was used PG 
activity was detectable only in 61-80% fraction. PTE was only detected 
in 61-80% fraction using both techniques. 
Attempts to separate these enzymes using chromatographic techni-
ques such as DEAE cellulose and Sephadex A50 yielded inconclusive 
results. Elution was carried out using pH gradient buffer between 
8.5-5.0 using 0.05 M citrate phosphate buffer on the DEAE cellulose 
column and 0.05 M Tris-HCl buffer on the Sephadex A50 column. The 
enzyme samples in both columns passed quickly through suggesting lack 
of binding. This is surprising in view of the fact that preliminary 
studies suggested that binding of both enzymes should have occurred 
within. this pH range. 
The trans-eliminative activity of~- citri in the 61-80% fraction 
was investigated by measuring the increase in absorbance at 235 nm, 
as described in Section 3.4.7. The increase in absorbance is given 
in Table 19. 
For f. italicum high PTE activity and low PG activity were 
observed when this fungus was grown on low levels of asparagine using 
NaPP as a carbon source (as discussed below in Section 4.7.3). 
Attempts to separate these enzymes was carried out using chromate-
Table 18 Production of pectic enzymes by fi. citri cultivated in "shallow batch" culture 
on asparagine medium containing 1% pectin as a carbon source for 7 days* 
PG 
Purification Viscosity reduction Absorbance Viscosity reduction 
step RVU ml-1 at 515 nmt RVU ml-1 
Crude 320 0 0 
0-40% (NH4 l 2SD4 25 0 0 
41-60% (NH ) SO 200 0 0 4 2 4 
61-BO% (NH4 l 2so4 3666.5 0.17 122 
PTE 
Absorbance 
at 550 nmt 
0.15 
0 
0 
1.35 
* PG activity wes essayed on 1% NePP buffered with 0.1 M citrate phosphate (1.pH 5.0) and PTE on 1% pectin 
·buffered with 0.1 M Tris-HCl (pH 9.0). Results are the mean value of three experiments with triplicate 
assays being performed. 
t Samples were read against identical reaction mixtures containing enzyme sample boiled for J min. 
CO 
·eo 
I 
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Table 19 Trans-elimin·ative activity of pectic enzymes of A. citri 
culture filtrate (PTE)* 
Time (min·l Absorbance at 235 nm 
0 0 
0.12 
2 0.22 
3 0.32 
4 0.40 
5 0.46 
6 0.50 
7 0.59 
8 0.62 
9 0.64 
10 0.66 
* Ji. citri was grown on 1% pectin·. in "shallow batch" culture on 
asparagine medium for 7 days then partially purified with 
(NH 4 l 2so4• ~-eliminative activity was assayed on 1% NaPP 
buffered with 0.1 M Tris-HCl (pH 9.0) and read against a blank 
containing water instead of enzyme sample in the ircubation 
mixtures. Results are the mean values for two experiments. 
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graphic techniques. Following dialysis 20 ml of the dialysed crude 
culture filtrate, which contained high PTE activity (about 6000 RVU) 
and comparatively low PG activity (about 1000 RVU) were absorbed on 
Sephadex A5o ion exchanger and the column buffered with 0.05 Tris-
HCl (pH 8.5). Elu-tion was achieved by descending pH gradient using 
0.05 M Tris-HCl buffer between pH 8.5 to 5.0. The flow rate through 
the column was adjusted with a peristaltic pump and 8 ml fractions 
were collected every 10 min. Fig. 12 shows the recovery of most PTE 
activity, whilst no measurable PG activity was detected up to fraction 
45. This may have been due to thermal inactivation of the enzyme 
since fractionation was carried out at room temperature. Later 
experiments on thermal inactivation (see Section 4~8.3) suggest that 
'" PG is more thermo~ile than the PTE of f. italicum. Fractions 11, 12, 
13 and 14 represent about 90~ of the PTE activity which was assayed 
using viscometric techniques. Maximum protein levels were observed 
in fraction 3. 
4.-7 factors influencing pectic enzyme production in vitro 
4.7.1 Effect of catabolite repression by glucose.and 
galacturonic acid 
The breakdown products of polysaccharides (i.e. monosaccharidesl 
are reported to effect catabolite repression on pectic enzyme 
production (Mullen and Bateman, 1975; Fanelli and Cervone, 1977). 
In order to investigate catabolite repression by glucose and 
galacturonic acid on pectic enzyme production by citrus fungi, it 
was decided to grow these fungi on asparagine medium containing 
glucose or galacturonic acid ( 1% final concentration·) as a carbon 
source for 7 days in shallow batch cultures. The pectolytic activity 
of crude filtrates was investigated viscometrically and results given 
in Table 20. 
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Table 20 Effect of cetabolite repression by glucose and 
galacturonic acid* 
fungi Carbon source PG 
f. digitatum glucose 0 
galacturonic acid 0 
f. italicum glucose 0 
galacturonic acid 0 
!· citri glucose 71.36 
galacturonic acid 71.66 
PTE 
0 
0 
0 
0 
0 
0 
*for conditions of assays see Table 11. Results are mean values for 
two experiments with triplicate assays being performed. 
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No measurable activity of either PG or PT£ of f. digitatum and 
f. italicum was observed, which may be attributed to the effect of 
catabolite repression by these carbon sources. Glucose has been 
reported to repress the enzyme production of many fungi (Fanelli and 
Cervone, 1977). The catabolite repression produced by these carbon· 
sources had less effect on the PG of!· citri. Mehta ~~· (1974, 1975) 
have also reported the production of pectic enzymes by !• solani and 
~. tenuis grown on glucose. 
Effect of orange peel 
High sugar content in plants has been reported to repress enzyme 
production by pathogens (Bateman and Millar, 1966), therefore it was 
decided to investigate the production of pectic enzymes by citrus 
fungi under investigation using orange peel as a carbon source, in 
order to investigate the effect of the carbon source in orange peel 
(polysaccharides, oligosaccharides and monosaccharidesl on pectic 
enzyme production. 
f• digitatum, f• italicum and .fi •. citri were grown in shallow 
batch cultures using the asparagine medium containing 1% peel for 7 
·days. The enzyme activities were investigated using TBA-HCl test and 
viscometric techn~ques. Results are shown in Table 21. It was 
thought that the glucose and other monosaccharides present in the 
peel might exert catabolite repression on pectic enzyme production .• 
The results obtained were interesting from several points of view. 
For~· digitatum, PT£ production was reduced on peel compared to other 
pectic substances (see Tables 11 and 12). PG levels increased and 
for the first time PG activity was detectable by TBA-HCl test. Since 
both enzymes are repressed by glucose and galacturonic acid, it would 
appear that in some way the constituents of orange ,peel exerted a 
differential effect on the production of these enzymes. 
Table 21 Production of pectic enzymee by citrys fungi c;ultiyated in "shallow batch" cUlture 
on asparagine medium containing 1% peel for 7 days* 
Viscosity reduction• 
RVU ml-1 
f. digitetum 112 
f. italicum .tl 
.a. citri 28.0 
PG 
Absorbance 
at 515 nm 
0.185 
.0 
0 
Viscosity reduction 
RVU ml-1 
·15 
125 
60.5 
PTE 
Absorbance 
at 550 nm 
0 
0.52 
0.41 
* For conditions of essays see Tables 11 and 18. Results are mean values for three experiments with 
triplicate assays being performed. 
"' ... 
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tor f. italicum the reverse appears to be the case. PTE was 
produced on peel as assessed by the viscometric technique and by the 
release of digalacturonic acid !TBA-HCl test) while PG was not 
produced. This is of interest since PTE production seems not to be 
affected by cultivation on peel while PG is totally inhibited. 
Previous results (see Table 20) suggest that glucose and galacturonic 
acid effect PG production by catabolite repression. The same effect 
was observed for PTE on glucose and galacturonic acid. This suggests 
some differential repressive effect by the constituents of peel on 
the production of these enzymes by f. italicum. 
ror ~. citri, PG production decreased as compared to previous 
results on pectic substances possibly due to catabolite repression 
produced by monosaccharides present in the peel (although this 
seems unlikely in view of previous results) or some other inhibitory 
effect (e.g. phenolic compounds in the peel). PTE activity was 
detectable at appreciable levels for the first time in crude filtrates, 
in particular, the ability of the enzyme to reduce the viscosity of 
pectic polymers. This again suggests some very specific effect by 
some constituents of orange peel on pectic enzyme production. The 
effect is not purely inhibitory as the above results show and is 
probably not due to phenolic or other compounds which would inhibit 
all pectic enzyme productiol1'. 
4. 7.3 Effect of nitrogen source 
It is known that amino acids in growth media may repress the 
production, of pectic enzymes in the presence of pectic carbon 
sources (Quantick, 1978). To investigate whether this effect was 
true for the citrus fungi under investigation, it was decided to 
cultivate the fungi on a medium containing no organic nitrogen source. 
The ammonium chloride medium (tanelli and Cervone, 1977) was selected 
for this purpose. 
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The three fungi were inoculated into ammonium chloride medium 
containing NaPP or pectin (1% final concentration) as a sole carbon 
source, and incubated in. shallow batch culture for 7 days, This 
method of incubation was used to simplify the study and also since 
pectic enzymes under investigation were produced under these 
conditions (shake culture resulted in· the disappearance of some 
enzymes in culture filtrates such as PG of E· italicum in shake 
cultures). 
The results shown in Table 22 suggest that generally cultiva-
tion of the fungi on the ammonium chloride medium did not have the 
expected effects on pectic enzyme production. 
Production of PG by E· digitatum on the ammonium chloride medium 
was not detectable, whereas it was detectable on the asparagine 
medium. Similarly, PTE production was not detectable on the al'lmonium 
chloride medium. 
for PG of E. italicum it was noted that there was an increase in 
enzyme production on NaPP as a carbon source in the ammonium chloride 
medium. PTE levels, on the other hand, were reduced on this medium 
as compared to the asparagine medium. 
For ~. citri, PG production on pectin was little affected by the 
constituents of the basal medium. There was complete absence of the 
enzyme in the ammonium chloride medium on NaPP while PG levels were 
detectable on the asparagine medium. 
These effects can not be attributable to failure of the moulds 
to. grow in the absence of asparagine since levels of mycelium 
production were comparable throughout for both basal media. 
In the view of the above results of pectic enzyme production by 
citrus fungi grown on the ammoniu~ chloride medium, it was decided to 
investigate the effect of reducing the level of asparagine in the 
asparagine medium to study its effect on pectic enzyme production. 
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Table 22 Production of pectic enzymes by citrus fungi grown on 
ammonium chloride medium containinp 1% NaPP or pectin 
as a sole carbon source for 7 days.* 
fungi Carbon source PG RVU ml-1 PTE RVU 
f.. digitatum NaPP 0 0 
Pectin 0 0 
f.. italic:um NaPP 183 100 
Pectin 23.2 7.4 
~. citri NaPP 0 0 
Pectin 333 500 
ml -1 
*for conditions of essays see Table 11. Results are mean value for 
two experiments with duplicate assays being performed. 
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The three citrus fungi were cultivated on. asparagine medium• 
-1 
containing 2 g, 1 g and 0.5 g asparagine per 1 with pectic carbon 
sources (NaPP or pectir>) at 1% final concentration in shallow batch 
cultures for 7 days. The activity of pectic enzymes in crude 
culture filtrates was assayed using standard viscometric techniques. 
The PG activity was assayed on 1% NaPP buffered with 0.1 M citrate 
phosphate (pH 5.0) while PTE activity was assayed on 1% pectin 
buffered with 0.1 M Tris-HCl (pH 8.5). Results are expressed as 
-1 RVU ml and given in Table 23. 
For f. digitatum PG activity was not detectable on all levels 
of asparagine. PTE activity was obtained only when the fungus was 
-1 grown on NaPP in· the presence of 1 and 2 gl of asparagine. 
For f. italicum high PG and PTE levels were produced on NaPP 
in the ammonium chloride medium with low enzyme production observed 
on pectin. When compared to similar results for£. italicym grown 
on· asparagine medium. using the same carbon sources it is noted that 
PG production on. this mediurrr is low compared to the production of 
this enzyme on NaPP and pectin in the ammonium chloride medium. These 
results strongly suggest that PG is sensitive to catabolite repression 
by asparagine under the conditions described. for PTE, the effect is 
not so clear, generally, the PTE production. by this fungus on pectic 
substances appears to be greater on' the asparagine medium. 
In ll• citri, PTE was not detectab,le however, PG was produced on 
NaPP end pectin at all levels of asparagine. NePP failed to support 
production of PG in the ammonium chloride medium, possibly due to 
catabolite repression by the breakdown products of NaPP. 
As• well as the assay of the pectic enzymes PG and PTE in vitro, 
the citrus fungi used were also screened qualitatively for their 
ability to produce PME. All three fungi were found to produce this 
enzyme in. culture although as mentioned previously, its role in 
pathogenesis is probably not of greet importance (Barmore and Brown, 
1979) • 
Table 23 The effect of asparagine levels (0.5 g, 0 and 2 gl- 1 ) on t · d t · b _ _ ~ __ pec 1c enzyme pro uc 10n V 
citrus fungi grown for 7 days* 
f. digitetum f. i:t~licum A· £;iti:i 
Carbon source· Enzyme 
0.5 1 .o 2.0 0.5 1.0 2.0 0.5 1 .o 2.0 
NaPP PG 0 0 0 92.5 37.5 22 66 142 55 
PTE 0 16 29 312 250 275 0 0 0 
"' 
"' 
Pectin PG 0 0 12 58 35 0 312 494 166'6 
PTE 0 0 0 25 45 105 0 0 0 
* for conditions of assays see Table 11. -1 Results ere expressed as RVU ml which mean values for two 
experiments with duplicate assays being performed. 
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The mode of growth of the three fungi in liquid culture was 
also noted and appears as follows: In E· digitatum in batch culture, 
the mycelium produced a thick, elastic, grey-green layer at the 
surface of the growth medium, this presumably reflects the oxygen 
requirement of the fungus and supports previous data which suggest 
that for pectic enzyme production the mould prefers aerobic conditions; 
in: shake cultures, this mycelial layer was not apparent and spreading 
growth of the fungus was observed, also, the colour of the medium 
turns quickly brown. 
Using galacturonic acid as a carbon source in batch culture, 
the colour of the hyphae was a definite orange colour as compared to 
cultivation on pectic polymers (see above), 
E·· italicum in batch culture produced a softer readily fragmented 
and thinner grey-blue mycelial layer at the surface as compared to 
E· digitatum, The colour of the hyphae on, galacturonic acid was white. 
Pellet formation was observed in shake culture, which was not observed 
for E· digitatum. Pellets appeared more numerous generally in shallow 
shake cultures whereas in deep shake cultures the pellets were large 
and less numerous. 
!• citri in batch culture produced a less definite, grey mycelial 
layer at the surface of the growth medium. There was no apparent 
colour changes in the medium, also in shake cultures there was no 
definite formation of pellets. 
4.8 Factors influencing enzyme activity 
In order to investigate the activity of cell wall degrading 
enzymes, optimum 
divalent cations 
conditions are required such as pH, the presence of 
2+ 
such as Ca , temperature and different types of 
substrata. During this study it was decided to investigate the effect 
of such factors on pectolytic enzymes produced by citrus fungi. 
- 101 -
4.8 .1 Effect of pH 
The activity of PG, PTE and Cx of citrus fungi under invest-
igation was assayed on 1% NaPP, 1% pectin and 0.2% CMC respectively 
at different pH levels. The activity of each enzyme at the various 
pH levels were expressed as % of activity at the optimum pH. 
PG activity of f. italicum rot extract, f. italicum and ~. citri 
crude culture filtrates was assayed on 1% NaPP (w/v) using standard 
viscometric techn·iques. The maximum activity of PG produced by these 
fungi was found to be at pH 5.0 and results are expressed in Fig. 12a, 
b and 13a. This confirms results of workers who have reported that 
PG of citrus fungi shows maximal activity at this pH (Arora and 
Pandey,1979'; Barmore and Brown, 1981). 
PTE activity of f. digitatum and£. italicum was assayed on 1% 
(w/v) pectin buffered with 0.1 M Tris-HCl using standard viscometric 
techniques whilst, the TBA-HCl test was applied for PTE in 61-80% 
(NH 4 )2so4 fractions of~. citri culture filtrate. 
PTE of£. digitatum and£. italicum exhibited maximal activity 
at pH 8.5 while PTE activity of~· citri was maximal at pH 9.0 (fig. 
13b and 14a,b). These results are in agreement with workers who 
have reported that trans-elimin•ases of most fungi have their optimum 
pH at 8.0 or above (Cooper ll .ru._., 1978; Mehta .!l.i .ru._., 197 4, 1975) • 
Cx activity of£. italicu~ was assayed on 0.2% CMC using standard 
viscometric technique as described in Section 3.4.5. Results are 
expressed in fig. 15 which shows maximal activity o.f this enzyme at 
pH 4.5. 
4.8.2 Effect of calcium ion 
2+ Divalent cations such as Ca have been reported to have an 
effect on the activity of pectic enzymes (see Section 2.4.4l. During 
this investigation the effect of Ca2+ was studied on most of the 
pectic enzymes produced by citrus fungi under investigation. The 
- 102 -
Fig. 12: Effect of pH on the activity of PG of P. italikum crude rot 
extract (a) and crude culture filtrate (b) 
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Fig. 13: Effect of pH on the activity of PG of A. citri crude 
culture filtrate (a) and on PTE activity of P, digitatum 
crude culture filtrate (b) 
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Fig. 14: Effect of pH on PTE activity of f• it•licum 
crurle culturP. filtrate (;~) 9ncl on ?TE ~ctivity 
of A. citri in 6,-BO;~ fractions 
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Fig. 15: Effect of pH on Cx activity of P. italicum crude culture filtrate 
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2+ 
effect of Ca on the polygalacturonases and trans-eliminases 
produced by citrus fungi was studied with the exception of the PG 
of f. digitatum, the reason· being that this fungus produces an exo-
PG (Barash and Angel, 1970; Barmore and Brown, 1979) which is less 
2+ ) ~ffected by· Ca (Cooper ~Al·• 1978 • 
During this in,vestigationo the effect of Ca2+ was studied on the 
PG activity of f. italicum from crude rot extract and crude culture 
filtrate. This effect was also studied on PG from ~- citri crude 
culture filtrate. The viscometric technique was used for this 
purpose. 
The reaction mixtures contained 8 nrl 1% NaPP (w/v) buffered 
with 0.1 M citrate phosphate (pH s,o), 1 ml CaC12 (0-0,001 M final 
concentration) and 1 ml enzyme sample. The decrease in viscosity 
-1 
was observed and the results expressed in RVU ml • 
The PG activity at various levels of Ca2+ concentration is 
expressed as j(, of activity at the optimum Ca2+ concentration which 
was found to be 0 M CaC12 • Results are shown in Fig. 16a, b and 
17a. PG activity of f. italicum from crude rot extract and crude 
culture filtrates was found to decrease with increasing CaC12 
concentrations, as little as 0,0001 M reducing enzyme activity. A 
similar effect of Ca2+ was also observed on the PG of ~. citri from 
2+ 
crude culture filtrate. The reduction of PG activity by Ca is 
probably due to the alteratio~ of the properties of the substrata 
rather than by action on the enzyme; the formation of calcium· pectate 
may reduce PG activity on the polymer as may the formation of calcium 
bridges which may act as "stop points" in the degradation of the 
substrata. This is in agreement with several workers who have 
reported that Ca2+ inhibits PG activity of other fungi (Cervone ~sl., 
1977; Coopern.§l., 1978). 
2+ The effect of Ca on. the trans-eliminases of f. digitatum, 
f. italicum and~. citri from crude culture filtrates was also 
- 107 -
fig. 16: Effect of calcium on PG activity of. P. italicum crude rot 
extract (a) and crude culture filtrate (b) 
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Fig. 17: Effect of calcium on PG activity of A. citri 
crude culture filtrate (a) and on PTE activity of 
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investigated. This effect was studied using either the TBA-HCl 
test or the viscometric technique in reaction mixtures containing 
CaC1
2 
( 0-0.01 M final concentration) •. 
The trans-elimin·ase activity produced by the three citrus fungi 
at various concentrations was expressed as % of activity at the 
optimum concentration .•. Results are shown in Fig. 17b, 1Ba, b and 19. 
Trans-eliminase activity of citrus fungi under investigation 
f d t · . th . . C 2+ t · T was oun o 1ncrease w1 1ncreas1ng a concentra 1on. rans-
eliminase activity of _E. digitatum, _E. italicum and A· citri was-
found to be optimum at B, 10 and 10 mM respectively. This is in· 
2+ 
agreement with workers who have reported that Ca increases the 
trans-eliminative activity of other fungi (see Section 2.4.4). 
2+ The effect of Ce on the enzyme activity may be due again to 
indirect rather than direct effects by altering the· properties of the 
substrata. To assess any difference between crude and partially 
purified samples, the effect of Ca2+ was also investigated on- the 
~-eliminative activity of~. citri from 61-BO% (NH4 J2so4 fractions 
using the two types of pectic polymers (NaPP or pectin) buffered with 
0.1 M Tris-HCl (pH 9.0). Reaction mixtures with various concentrations 
2+ 
of Ca were used and the activity assessed using the TBA-HCl test. 
The results are shown in fig. 20 which shows the difference in the 
trans-eliminase activity on; NaPP and pectin. at different concentra-
tions of CaC12• 
be maximum at 2 
The trans-eliminase activity on NaPP was found to 
-4 2+ 
x 10 M but decreased as Ca concentration increased. 
In contrast, on pectin., trans-eliminase activity increased with 
increasing concentration of Ca2+. The decrease in activity with 
irrcreasing Ca2+ concentration when NaPP was used is probably due to 
the formation of calcium pectate. Very little difference between 
crude and partially purified samples was observed. 
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Fig. 18: Effect of calcium on PTE activity of P. italicum 
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Fig. 19: Effect of calcium on PTE activity of A.~ 
grown on 1% peel for 7 days 
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4.6.3 Thermal inactivation 
The effect of temperature on PG activity of f. digitatu~ has 
been fully studied by Barash and Angel (1970), therefore this 
investigation concentrated on the effect of temperature on the 
activity of enzymes produced by f. italicum and A· citri. Samples 
of PG of f. italicum from purified rot extract, PG from A· citri 
crude culture filtrate and PTE from f. italicum crude culture 
filtrate were incubated for 30 min' at the following temperatures:· 
0 0 0 0 0 0 25 C, 30 C, 35 C, 40 C, 50 C and 60 C. 
A 1 ml enzyme sample was removed and added to a standard 
viscometric reaction mixture. PG was assayed on 1% NaPP (w/vl 
buffered with 0.1 M citrate phosphate (pH 5.0) and PTE on 1% pectin 
buffered with 0.1 M Tris-HCl (pH B.S) in a water bath at 25°C. The 
-1 decrease in viscosity was observed and results expressed as RVU ml • 
The activity of each enzyme was expressed as% of the activity at the 
optimum temperature and results are expressed in Fig. 21. 
PG activity of f.. italicum from purified rot extract was found 
to be optimal at 30°C and rapidly inactivated showing 52.63%, 14% 
and O% at 40°C, S0°C and 60°C respectively. Barash and Angel (1970) 
have reported that the PG activity of .!:• digitetum' was inactivated at 
temperature above 30°C showing almost complete in.activation at 60°C. 
PG activity of A· citri was found to be optimal at 35°C, but rapidly 
inactivated showing 47%, 41% end 6% at 40°C, 50°C and 60°C respectively. 
PTE activity of f. italicu~ was found to be optimal et 35°C and 
inactivated less rapidly than the enzymes mentioned above showing 
BD%, 36% and 9.6% at 40°C, SD°C and 60°C respectively. 
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4 •. 8 .4 Effect of substrete 
Substrete type can have a definite effect on enzyme activity. 
For pectic enzymes the degree of methylation has been reported to 
have en effect on enzyme activity (see Section 2.4.4). In this 
investigation it was decided to study the effect of pectic substrates 
on the activity of pectic enzymes produced by citrus fungi by comper-
ing the effect of substrata type on the activity of the pectic enzymes 
of these fun-gi. 
PG activity of f. digitatum, f. itelicum end~. citri crude 
culture filtrates were assayed on 1% (w/v) NePP or pectin buffered 
with 0.1 M citrate phosphate (pH 5.0) using standard viscometric 
techniques~ Decrease in the viscosity in reaction mixtures was 
measured end results expressed in RVU ml-1 are shown in Table 24. 
The PG activity of all citrus fungi was found to exhibit higher 
activity on NaPP rather than on pectin, this can be attributed to the 
degree of methylation of both substrates where PG attacks NaPP (de-
esterified substrata) rather than pectin (esterified substrata). 
The trans-eliminase of f. digitatum, f. italicum and ~. citri 
culture filtrates was also assayed on 1% NaPP or pectin buffered with 
0.1 M Tris-HCl (pH 8.5 or 9.0) (see Section 4.8.1) using standard 
viscometric techniques. The decrease in viscosity was observed end 
-1 
results expressed in RVU ml Results ere shown in Table 25. 
The results show that the trans-eliminases of f. digitetum end 
f. itelicum exhibited higher activities on pectin, with almost 
negligible activities on NaPP. This was at first thought to be due 
2+ to the presence of Ca (0.001 M final concentration) which might 
form calcium-pectate resulting in gel formation 
trans-eliminase activity on NaPP, however using 
and so reduce the 
2+ lower Ca levels 
(as low as 0.0001 to 0) almost the same results were obtained. This 
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Table 24 Polygalacturonase activity of citrus fungi 
on NaPP and pectin* 
Fungi NaPP 
f· digitatum crude culture filtrate 25 
f. italicum crude rot extract 166.66 
f. italicum crude culture filtrate 121 
A· citri crude culture filtrate 142.6 
Pectin 
0 
71 
45 
71 .42 
* PG activity was assayed on 1% NaPP or pectin buffered with 0.1 M 
. t t h h t ( H 5 0) R lt . . RVU ml-1 h h Cl. ra e p osp a e p • • esu s are g1ven l.n w ic 
represent the mean value for two experiments with duplicate assays 
being done. 
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Table 25 Trans-eliminase activity of citrus fungi an NaPP and pectin* 
fungi NaPP Pectin 
f.. digitatum crude culture filtrate 0~ 62 
f.~ italicum crude culture filtrate 40 510 
A. citri partially purified culture 
filtrate 250 122 
* Trans-eliminase activity assayed an 1% NaPP or pectin buffered 
with 0.1 M Tris-HCl (pH 8.5-9,0). Results are mean values far 
two experiments with duplicate assays being done. 
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suggests that the enzymes produced by these fungi should be termed 
as pectin trans-eliminase. The trans-eliminase of~- citri exhibited 
highest activity on NaPP rather than on pectin·, which suggests that 
the enzyme has a greater affinity for NaPP as a substrata and so 
should be termed a polygalacturonate trans-eliminase. 
4.6.5 Mechanism of substrata attack 
Pectic enzymes may attack pectic polymers randomly (endo) or at 
free ends (exol. 
The method used to investigate the form of depolymerization of 
PG of citrus fungi is described in Section 3.4.6. The enzyme samples 
were assayed using standard viscometric techniques. When 50% 
reduction in viscosity was achieved a 1 ml sample was immediately 
added to TBA-HCl, so that release of galacturonic acid residues could 
be assayed. From the results % of hydrolysis at t 50 could be assessed. 
Results are given in Table 26 and show the average of two experiments 
with three replicates. 
Results show that the PG of f. digitatum is "exo" in action 
since the high release of galacturonic acid was accompanied with a 
slow reduction in viscosity whilst the PG of f. italicum and ~. citri 
were endo-PG enzymes where a low level of galacturonic acid residues 
were released accompanied by a rapid reduction in viscosity. 
Method of depolymerization of trans-eliminases was assessed using 
the same technique. Pectin was used for all assays for the sake of 
convenience, however, it ahould be borne in mind that the TE of 
~. citri while showing some preference for NaPP is also active on 
pectin. The results are given in Table 27 which indicate that the 
TE enzymes off~ digitatum and f. italicum are almost certainly endo-
PTE enzymes where low chromogen production was accompanied by a very 
rapid decrease in viscosity. 
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Table 26 Percentage of hydrolysis+of NaPP by PG of citrus fungi* 
+ 
tso 
fungi RVU ml-1 ')1, of hydrolysis 
~. digitatum B 38.46 
f~. italicum 450 4.5 
~. citri 4000 5.76 
* Source of enzyme sample:PG from 61-BD% (NH ) SO of f.. d igitatum 4 2 4 
grown on 1% NaPP using ammonium chloride medium1 PG from purified 
rot extract of ~. italicum1 PG from 61-BD'lb (NH4 J2so4 of~. citri 
culture filtrate. Results are mean values of two experiments with 
triplicates being done. 
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Table 27 The relationship between the viscometric activity of 
trans-eliminases of citrus fungi and absorbance at 550 nm* 
Fungi RVU ml-1 
P. digitatum culture filtrate 105 
f. italicum culture filtrate 930 
A. citri culture filtrate 133 
Corresponding absorb-
ance at 550 nm 
0 
0.25 
1 • 11 
* Trans-elimin-ase activity assayed on 1% pectin buffered with 0.1 M 
Tris-HCl (8.5-9). Results are mean values of two experiments with 
duplicate assays being done. All enzyme semples obtained from 
61-BD% (NH ) SO fractions. 4 2 4 
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For ~. citri, however, the TE appears to be less endo in action 
and may even be an exo-enzyme since the amount of chromogen detected 
is greater. The chromogen was also detectable in crude culture 
filtrates but was not accompanied by a significant decrease in 
viscosity which supports the, above interpretation, 
The results are expressed in absorbance units since it was 
impossible to construct a calibration curve for digalacturonic acid 
(the breakdown product resulting from TE action) since this dimer is 
not commercially available. 
4 .B .6 Determination· of Michaelis' constant for pectic enzymes 
The determination of Michaelis' constant (Km) is useful for the 
characterization of certain enzymes and substrates. Theoretically, 
the actual enzyme tic reaction takes pl.ace within, the enzyme substrata 
complex and the reaction products are "split off" as shown in the 
following equation: 
ES K E + p 
where E = enzyme, P = end-products, ES = enzyme-substrata complex; 
K
1 
and K
2 
are the rate constant for the reversible reaction. The 
equilibrium constant P is d'efin'E!d by: 
K a [Es] :: [E) [s] 
and since 1/K will always be equal to or greater than 1/Km then we 
can assume that for most enzymes 
J. 
K • 
_1 
Km 
where 1/K is known as the "affinity constant" for the reaction. 
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If two values are found for the affinity constant of the enzyme on 
two substrates then the higher of the values indicates a greater 
affinity of the enzyme for the substrata. In o~der to determine Km, 
it is possible to proceed by determining the speed of the reaction 
of the enzyme with a series of increasing substrata concentrations. 
The method used was that described in Section 3.4.6. The 
substrates used were NaPP and pectin buffered with 0.1 M citrate 
phosphate (pH 5.0) for PG and with 0.1 M Tris-HCl (pH 8.5) for PTE. 
Results are given in Table 28. The determination of Km of pectic 
enzymes used crude, partially purified or purified samples. 
The Km value of PG of P. digitatum, f. italicum and~· citri 
-1 found to be 7.5, 5.1 and 7.1 gl respectively. The low affinity 
of PG of f. digitatum may have been due to the use of crude enzyme 
sample while the low affinity of PG of f. italicum and ~. citri 
probably due to the form of the enzyme (i.e. endo-PG) which is bound 
to affect results using this technique. 
The attempts to investigate the Km value of the trans-eliminase 
of f. digitatum yielded inconclusive results, this was probably due 
... 
to the form of this enzyme (see Section 4.8.5). It has been character-
ized as a highly end a pectin· trans-eliminase with little release of 
reducing groups (dimerl accompanying viscosity reduction. The Km 
value far the trans-eliminase of f. italicum an pectin was found to 
-1 be 6.2 gl while on NaPP, almost negligible. This was again due to 
the preference of the enzyme for pectin, as observed previously• 
Km for the trans-eliminase of~. sitri obtained on the two 
substrates are presented in Fig. 22 and 23 which a typical plot of 
reciprocal enzyme activity against substrata concentration (Lineweaver-
Burke plot) and substrata concentration/activity against substrata 
concentration. The Km values on NaPP and pectin· were found to be 
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Table 28 Michaelis constant forwpectic enzymes of citrus fungi 
Enzyme* Substrata Km gl-1 t 
PGPD NaPP 7.5 
Pectin 
PG PI NaPP 5.1 
Pectin ND:I: 
PGAC NaPP 7.1 
Pectin ND 
TEPI NaPP ND 
Pectin 6.2 
TEAC NaPP 1.8 
Pectin 3.3 
*PGPD - PG from crude culture filtrate of f. digitatum grown 
on 1% peel for 7 days. 
PGPI - PG from purified rot extract of f. italicum. 
PGAC - PG from partially purified (61-BO%) (NH4 l 2S04 of~. citri 
culture filtrate grown on 1% pectin for 7 days. 
TEPI - Trans-eliminase from crude culture filtrate of f. italicum 
grown on 1% NaPP for 5 days. 
TEAC - Trans-eliminase from partially purified (61-BO%) (NH4 l 2so4 
of~. citri culture filtrate grown on 1% pectin for 7 days. 
t Results are mean values for two experiments with duplicate assays 
being.performed. 
t ND • not detectable. 
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fig. 22: Plot of results to determine Km of PGTE from A. citri 
culture filtrate on pectin 
s 30 
/\; 
20 
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2 4 6 B 
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B 
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6 
4 
10 
'~+~- ~--------~------~------~------~----~-------L-------
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Ys 
Results are the meen values for two experiments with triplicate 
assays being performed. 
5 
V 
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Fig. 23:: Plot of results to determine Km of PGTE from A. citri 
culture filtrate on NaPP 
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Results are the mean values for two experiments with triplicate 
assays being performed. 
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-1 1.8 and 3.33 gl • The trans-eliminase of~. citri appears to show 
a much greater affinity for NaPP than pectin as a substrata. The 
enzyme depolymerized pectin but more slowly. This again bears out 
previous results which suggest that the trans-eliminase of~. citri 
has a preference for NaPP. It should perhaps be more correctly 
described as a polygalacturonate trans-eliminase (PGTE). 
It should be noted that the expression of Km is in arbitrary 
-1 
units of gl , this is due to the variability in the molecular 
weight of pectic substances which may range between 20,000 to 400,000 
makes it impossible to be expressed in moles. 
4.9 Determination of total phenols 
In plant tissues, phenolic compounds play various physiological 
roles and characteristically accumulate in infected plant tissues 
(Wheeler, 1975). In this investigation it was decided to study the 
response of orange fruits to fungal attack by measuring the accumul-
ation of total phenols. In order to investigate the response, 
orange fruits were inoculated through the albedo with suspensions of 
citrus fungi spores as described in Section 3.5. 
The results show the accumulation of phenols in f. digitatum and 
f. italicum infected orange fruits being incubated for 7, 14 and 21 
0 days at 25 C and are given in Table 29. The accumulation of total 
phenols was found to be higher in orange fruits infected with the 
two fungi mentioned above than control or in· healthy fruits. The 
total phenols in control orange fruits were more or less ths same as 
in healthy fruits. The response of orange fruits to infection by 
~. citri could not be assessed due to the slow development of rotting 
by this fungus and the attempts to incubate inoculated oranges to 
obtain higher levels of rotting were associated with the external 
development of hyphae and spores of Penicillium spp. 
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Table 29 The accumulation of phenols in inoculated orange fruit 
with .f. digitatum and P. i talicum* 
Fungi 
.f. digitatum 
lesion 
healthy 
control 
f... ;ttalicum 
lesion 
healthy 
control 
peel 
peel 
7 
1 21 
73 
72 
14 
170 
76 
60 
160 
74 
61 
21 
274 
73 
71 
240 
69 
65 
-1 
* Results are expressed as ~g ml catechol equivalents which are the 
mean value of three experiments with triplicate assays being performed. 
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The accumulation of phenols in f. digitatum and f. italicum 
infected orange tissue may explain the low activity of some enzymes 
such as polygalacturonase investigated in rot extracts obtained 
from' infected oranges being incubated for long periods (see Section 
4.5.1). 
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5. GENERAL DISCUSSION AND CONCLUSIONS 
In experiments on storage of citrus fruits under various 
conditions, it was found that Pro-long treatment in general extended 
the storage life of oranges and grapefruits but the extension was 
very dependent on the environmental conditions. Pro-long treatment 
was at least as effective as waxing on grapefruit. Treatment of 
citrus fruits with Pro-long at harvesting may well prove a more 
effective treatment than the use of waxes. The highest concentrations 
of Pro-long employed seemed only slightly more effective than the 
lower concentrations in terms of reducing weight loss. Similar 
effects have been noted on limes (Motlagh, 1982), mangoes (Dhalla, 
1982) and avocadoes (Tarimo. 1982). 
The best environmental conditions for the storage of oranges 
and grapefruits appeared to be cold store conditions (10 + 2°C; 
90-95~ R.H.), with ambient conditions next best. Pro-long proved 
effective in reducing weight loss' and also seemed to reduce physio-
logical damage., 
The experiments conducted on the production of pectic enzymes 
and their characteristics yielded many interesting results. 
ln vivo studies of oranges infected with the three citrus fungi, 
Penicillium digitatum, g. italicum, and Alternaria citri revealed 
that the major enzyme recovered was polygalacturonase (PG), with no 
pectin·. trans-eliminase ( PTE) activity recovered in any case in crude 
rot extracts. The high levels of production by g. italicum compared 
to the other two fungi may explain the rapid rotting of citrus fruits 
associated with this fungus under certain conditions which appear to 
suppress g. digitatum, 
The absence of PTE may reflect the inability of the fungi to 
either produce or utilize under the acid conditions which prevail in 
citrus fruits or it may reflect inhibition of the enzyme by plant 
constituents. 
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In certain rot extracts it was found impossible to extract any 
active enzyme and this may well be due to inactivation of enzymes by 
phenol or other plant constituents especially in view of the fact 
that high levels of phenols were detected in infected orange fruits 
and these are reported to inactivate or inhibit pectic enzymes. 
The recovery of high levels of galacturonic acid from infected 
fruits may also be relevant here suggesting that pectic enzyme 
activity has been produced but has since been inhibited in fruits. 
It is also possible that the levels of galacturonic acid in infected 
peels, may have suppressed pectic enzyme production under these 
conditions since galacturonic acid was discovered to exert catabolite 
repression on pectic en-zymes of f. diqitatum and f. italicum. 
Jn vitro studies of enzyme production showed some differences 
between the types of pectic enzyme produced as compared to the ill 
vivo situation. 
PTE, for example, was recoverable from crude culture filtrates 
when various methods of assay were employed. As noted above, this 
enzyme was not detectable ill~· Other workers have reported that 
PTE was not detectable in· rot extracts of citrus fruits infected with 
f. digitatum (Barmore end Brown, 1979) and f. italicum (Bermore and 
Brown, 1981). Differences between pectic enzyme production in vivo 
and ill vitro have been reported for other pathogens (Bateman and 
Miller, 1966; Quantick,· 1978). The production and activity of PTE 
in culture filtrates may be due to the slightly less acid conditions 
utilized for cultivation of the fungi since greater production of 
trans-eliminase enzymes are reported at higher pH values ( ~,ehta et .ll.!.•, 
1974; 1975). 
Production of pectic enzymes ill vitro was affected by a variety 
of factors. The pectic enzymes of f. digitatum and f. italicum were 
sensitive to catabolite repression by glucose and galacturonic acid, 
however, the PG of A• citri proved to be less affected. Experiments 
involving cultivation of the fungi on orange peel suggest that, at 
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least in the early stages of infection there are insufficient simple 
sugars, etc., to effect catabolite repression. The effect of the 
amino acid asparagine on pectic enzymes production was less clear but 
it seemed that under certain circunrstances the response to a reduction 
in asparagine levels was the production of high levels of pectic 
enzyme (e.g. PG of f. italicum and~. citri grown on NaPP and pectin 
respectively). 
NaPP was found to support enzyme production better than pectin 
generally in f. diqitatum and f. italicum, whereas for~. citri the 
reverse was found to be true. This is perhaps surprising in view of 
the preference shown by~. citri for NaPP in experiments determining 
Km and substrata preference. This may reflect some suppressive 
effect on enzyme production by NaPP for ~. citri. Possibly catabolite 
repression would be lower on pectin, and so yield fewer catabolites 
to exert a catabolite repression effect. 
The properties of these enzymes were much as expected from the 
result of other workers using citrus and other fungi in that the pH 
optima of the enzymes were generally as observed previously, i.e. 
PG, 5; trans-elimineses, 8.5-9. 
2+ The effect of Ca on the action of pectic enzymes also supports 
the results of previous workers using other non-citrus fungi. Few 
2+ published results on the effect of divalent cations such as Ca on 
PTE of ci true fungi are available.. Generally, PG enzymes were 
i h • b . i C 2+ PTE • 1 C 2+ n ~bited y ~ncreas ng a and enzymes were st~mu ated by a , 
within certain limits. 
The method of attack of pectic substrates revealed two main 
types of enzyme "endo" and "exo". The pectic enzymes of f. italicum 
were both "endo" in action whereas the PG of f. digitatum was "exo" 
and its PTE was an endo-PTE. For ~. citri the reverse is true with 
PG being "endo" and PGTE probably exo in action. 
The results for Km and substrata preference suggest, similarly, 
that the enzymes of the fungi studied also do have definite substrata 
- 132 -
preference, generally hydrolysis of pectic molecules by enzymes was 
optimal on NaPP and trans-elimination by enzymes was optimal on 
pectin, with the exception of },_. citri as mentioned above. 
High levels of phenols were obtained from the region of fungal 
attack in ~. digitatum and ~. italicum, while in healthy or control 
peels no increase in phenol was observed. High levels of phenol in 
lesions may partly explain the low recovery of certain pectic enzymes 
from rotted orange tissue~ 
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6. RECOMMENDATIONS FOR FUTURE WORK 
Based on the results obtained in this investigation, the 
following future work is recommended: 
1. Comparison of the effects of Pro-long used immediately 
after harvesting with other techniques, such as waxing, 
will provide further information on the effectiveness 
of Pro-long i~ terms of shelf-life extension and delayi~g 
senescence. 
2. Studying the relation between the accumulation of galact-
uronic acid in the fungal lesions and pectic enzyme activity 
may illustrate the possible effect of catabolite repression• 
by gala.cturonic acid and would also provide a useful method 
of determination of fungal activity where pectic enzyme 
production is suppressed for whatever reason. 
3. Investigation of the production of pectic enzymes by 
citrus fungi in culture in a wide range of cultural 
conditions (e.g. high and low pH, use of other carbon 
sources) may explain the absence of trans-eliminases iro 
rat extracts. 
4. Studying the relationship between the accumulation of 
phenolic compounds and enzyme activity in lesions may 
explain the low activity of pectic enzymes in rot 
extracts and the decrease in pectic enzyme production 
during pathogenesis. 
5, Purifying pectic enzymes produced by citrus fungi J.n. vivo 
and iu vitro and studying their macerating activity will 
illustrate their role in pathogenesis and may indicate 
further important differences between enzyme production 
by such fungi in diseased tissues and in defined cultural 
conditions •. 
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7. APPEN DIX 
0 7 . 1 Photographic plates for oranges stored for 21 days at 10 C 
Pla't.e 1. 
Plate 2 . 
0 Contrpl oranges after 21 days at 10 C 
3% Pro-long treated oranges after 21 days at 10oc 
- l 35 -
1 . 2 Photographic plates for grapefruits stored fo r 38 days at 10° C 
Plate 3 . Cont r ol gr ape f r uits aft er 38 days at 10°[ 
Plate 4. 3% Pro- long treated grapefruits after 38 days at 10°C 
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